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PREFACE 






This book is intended to present the elementary prin- 
ciples of mechanism in a way that will make it adapted for 
use in evening technical schools, trade schools, mechanic 
arts high schools, and other schools where it is desired to 
teach the subject thoroughly yet without going into the 
highly mathematical treatment. Typical problems are 
solved throughout the text and a large nimiber of problems 
are included for solution by the student. 

W. H. J. 

M. C. M. 
£2 Cambridge, 1917. 
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PEINCIPLES OF MECHANISM 



CHAPTER I 
GENERAL DEFINITIONS 

1. A Machine. A machine consists of a number of pieces 
or groups of pieces so arranged that, when a driving force 
is applied to the proper place, the various pieces operate 
togetner to do some useful work. Each of the pieces in a 
machine either moves or helps to guide some of the other 
pieces in their motion. A famiUar example is the common 
sewing machine. Power is appUed at the treadle, causing 
motion of the rod connected with thei treadle; this motion is 
passed on up through the various parts with the final result 
that the cloth is stitched. It is evident that the machine 
consists of a frame and mbving pieces; the frame supporting 
and guiding the moving pieces, while the moving pieces pass 
the forces along. 

2. A Mechanism. A mechanism is one of the groups of ' 
pieces in a machine, all of which pieces are so connected that, 
when a definite motion is given to one of them, the others are 
caused to move in definite ways. The treadle, driving rod, 
crank shaft, and that part of the frame which supports them 
in the sewing machine, constitute a mechanism. A machine, 
therefore, consists of a series of mechanisms, each of which is 
doing its own work, and all of which work together to ac- 
complish the purpose for which the machine is intended. 

3. The Study of Mechanism. The study of mechanism 
is the study of the laws which govern the motions of the vari- 
ous parts of a machine and the forces which exist iiv ot ^\^^ 
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transmitted by those parts. That branch of the subject 
which deals with the motions only, regardless of the forces, is ■ 
often "given the name Kinematics of Machines, while the 
part dealing with forces is called Dynamics of Machines. 

In this book only the kinematics of machines and a 
few of the simpler problems relating tn forces will be treated. 

4. Importance of a Study of Mechanism. The impor- 
tance of this study to one who has to do with machinery is 
very great. Whether he is engaged in using or in designing 
machinery he ought to know how to analyze the motions 
which the various pieces have and to determine the speeds of 
the pieces. He also ought to know how to design and con- 
nect the mechanisms in order to obtain a desired motion for 
any particular piece. Furthermore, he needs to be able 
to determine the forces which may be expected to exist 
in the several pieces when a known force is apphed at a 
known point. In short, in order intelligently to design or 
handle a machine, a man should thoroughly understand 
the natural laws which enter into the operation of the 
machine, and the various methods which have been devised 
to apply those laws to the performance of definite work. It 
is to this end that the science of mechanism is devoted. 

6. Design. The design of a machine consists in adapting 
known mechanical appliances to meet special conditions. 
That is, there are certain elementary mechanical units such 
as levers, revolving wheels, screws, cams, cranks, connect- 
ing rods, shders, etc., which form the basis of all mechanisms. 
The designer must so proportion and arrange these as to 
accomplish the desired end. It is purposed in the present 
work to enumerate some of the more common of these 
units or elements and to consider each one separately, dis- 
cussing the natural laws governing its design and operation. 
Some of the ways in which these units are combined into 
mechanisms will be studied, also the motions and forces in 
these mechanisms. Sometimes it is Iietter to cany on such 
studies by means of graphical work on the drawing board 
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and sometimes by calculation. Whichever method seems 
best in any particular case will be adopted in the present 
text, and very frequently both will be used as a check on 
each other. 

Before beginning the consideration of a subject in which 
the terms motion, velocity, speed, force, and a number of 
other similar words frequently occur, it is desirable to get 
clearly in mind the exact meaning of these terms. The fol- 
lowing definitions will explain briefly the sense in ^hich the 
words are used in this discussion. 

6. Motion. Motion is change of position. One can tell 
when an object is in motion only by comparing its posi- 
tion with that of some other object. In Fig. 1 if the cyUnder 




^(3- 



W 




Fig. 1. 



B is on the table and the block A is moving so that at the 
end of a minute it is in the position shown by the dotted lines, 
one-half inch nearer B than when it started to move, it can 
be said that A is moving relative to B at the rate of one-half 
inch per minute. If B is not moving, it can be said that the 
absoltde motion of A is at the ratq of one-half inch per minute. 
If A and B are both moving but there is enough difference 
in their motion so that A still approaches B at the same rate 
as before, we can still say that the motion of A relative to B 
is one-half inch per minute, although the actual or absolute 
motion of A would no longer be at the rate of one-half inch 
per minute. The motion of a body may,- therefore, be de- 
scribed with relation to another moving body or to a body 
which is at rest. In either case its motion wvtV\ \^%^^^\. \r» 
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the other body is its relative motion. Its motion with 
respect to a body which is not moving is its absolute motion. 

7. Speed. Speed is rate of motion. It ia the number 
of units of space moved over in one unit of time. For exam- 
ple, if a ball rolls along the ground a distance of 10 ft. in 
one minute, its speed is 10 ft. per minute. Speed may l>e 
uniform or variable. A body which moves with uniform 
speed moves over the same distance in each unit of time; 
that ia, if it moves 1 in. the first second, 1 in, the second 
second, and so on, its speed is uniform. If, however, it 
moves 1 in. the first second, I3 in. the second second, 2 in. 
the third second and so on, its speed is said to be vari- 
able. 

8. Velocity. Velocity ia a word often used to mean the 
same as speed, although accurately speaking velocity includes 
not only speed but direction. 

9. Acceleration. Acceleration is rale of change of speed. 
I If for example a body ia moving at the rate of I ft. per 
f-flecond at the end of the first second, 3 ft. per second at 
' the end of the second second, 5 ft. per second at the end 

of the third second, etc., the speed ia increasing at the rate 
of 2 feet per second each second. Its acceleration is two 
feet per second each second. Acceleration may be either 
positive or negative. If the speed ia increasing the accele- 
ration ia positive; if the speed ia decreasing the acceleration 
is negative. If the speed changes the same amount each 
second the acceleration ia unlfonn, 
but if the apeed changea by differ- 
ent amounts at different times the 
acceleration is variable. 

10. Uniform Motion. A body 

ia said to liuvc a uniform motion 

when ils speed is uniform. 

F"'- 2. 11. Harmonic Motion. If a 

point a.s Z/, Vip,. 2, moves with 

uniform sjx'cd aromiil the cu-cumfercncc of a semicircle 
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and another point T moves across the diameter in the same 
length of time, the speed of T varying so that it will always 
be at the foot of a perpendicular let fall from R to the line . 
AB, then T is said to have harmonic motion. 

12. Gravity Motion. If a body starts from rest and 
increases its speed by a miif orm amomit per imit of time mitil 
it reaches the middle point of the path over which it is to 
travel, then decreases its speed at the same rate that it 
increased it, during the last half of its motion, it is said to 
have ** gravity " motion. This kind of motion is so named 
because a body falling freely by its own weight increases its 
speed by equal amounts each second, and a body thrown 
straight up into the air decreases its speed by equal amounts 
each second until it finally stops going up. 

13. The Mechanical Elements. The ordinary mechani- 
cal units or elements may be grouped as follows: 



I. Stationary pieces 



II. Pieces revolving or oscillating 
about a fixed axis 



Cylinders 



' Plain cylinders 
Gears 
Worms and 

worm wheels 
Pulleys 



III. Pieces having linear motion 



IV. Pieces having motion consist- 
ing of rotation or oscilla- 
tion about an axis which is 
itself moving 



Discs or flat plates 

Cones 

Spheres 

Cranks ' 

Levers 

Cams 

' Belts 
Connecting bands \ Ropes 

.Chains 
Moving along a 
straight path 
Moving along a 
curved path 
Connecting links, such as the con- 
necting rod of an engine 
Wheel rolling on the ground or 
othei sviiia.cfc 



Sliders 
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V. Pieces which rotate about an ( 

axis while they move along \ Screws and nuts 
that axis \ 

The above tabulations cover practically the things which 
will be taken up in the following chapters, although the order 
may not be the same. 



CHAPTER II 
REVOLVING AND OSCILLATING BODIES 

14. Revolving Wheel or Cylinder. One of the simplest 
and most common mechanical units is a wheel (cylinder) 
revolving on an axle or shaft. The shaft may tm-n with the 
wheel, being supported in bearings and kept from moving 
endwise by collars, or the shaft may be held stationary and 
the wheel turn on the shaft. An example of the first case is 
shown in Fig. 3 and of the second case in Fig. 4. 

16. Angular Speed or Rate of Turning. Suppose some 
force is applied to the shaft in Fig. 3 so that it is caused to 
turn aroimd, say, 75 times in a minute. If the wheel is fast 
to the shaft, the wheel will tm*n around 75 times in a minute. 
We would say, then, that the wheel makes 75 revolutions per 
minvJte (usually abbreviated thus: 75 r.p.m.) It is common 
practice to speak of the angular speed or speed of turning 
as so many revolutions per unit of time, usually per minute 
or second. 

Another unit sometimes used for measuring angular 
speed is the angle called the radian. This is the angle which 
is subtended by the arc of a circle equal in length to the 
radius. Since the radius is contained in the circmnference 
of a circle 27r times, there must be 27r radians in 360°, or one 
radian is equal to 360°^2X3.1416 = 57° 17' 42". 

If a revolving wheel turns once per minute, its angular 
sp^ed as we have already seen is 1 r.p.m., and since one revo- 
lution of the wheel causes any radial line on the wheel to 
sweep over 360° or 27r radians, we can say that the angular 
speed of the wheel is 27r radians per minute. Now, if the 

7 
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wheel turns N times per minute the angular speed is N r.p.m. 
or 2irN radians per minute. That is, 

Angular speed in radians = 2irX number of revolutions. (1) 




Eiunple. It a whc^l turns 90 r.p.m. its angular fqpppd ii 
ntdiaiis is 

2rH0=56o.d radians per minulc. 
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16. Linear Speed of a Point on a Revolving Body. Con- 
sider a point A on the circumference of the wheel in Fig. 3. 
While the wheel turns once, A travels over the circumference 
of a circle of the same diameter as the wheel, or it travels 
^R in. if the radius of the wheel is R in. Then, if the wheel 
turns N times in a unit of time, A travels over the circle 
N times in a unit of time. Therefore, the linear speed of the 
point A is 2kRN in. per unit of time, where R is the distance 
in inches of A from the center about which the wheel is 
turning and N is the number of times the wheel turns in a 
unit of time. Writing this out in the form of an aquation 
we have. 

Linear speed of A = 2'kRN (2) 

Example. Suppose the wheel is 12 in. in diameter and 
turns 40 times per minute. The speed of A would be 
27r6X40 in. per minute = 1506 in. per minute. 

Now, from Eq. (1) we see that the angular speed is equal 
to 27riV radians; so that, dividing Eq. (2) by Eq. (1) we get, 

Linear speed of A 2'kRN R 



Angular speed of wheel in radians 27riV 1 ' 
or. 

Linear speed of a point on a revolving body ^angular speed of 
body in radians Xdistance of the point from the center, (3) 

17. Relative Speed of Points at Different Distances from 
Axis. If another point B is chosen on the side of the wheel 
at a distance Ri from the center, it can be shown in the. same 
way that Eq. (2) was derived that. 

Linear speed of B = 27rfiiiV. . . : . (4) 

Now, dividing Eq. (2) by Eq. (4), 

Linear speed of A _ 27riZiV 
Linear speed of B 2tRiN' 



Therefore, 
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Linear speed ol A _ R 
Linear speed of B Ri 



(5) 



Thus, we see that the linear speeds of two points on a 
rei'olving wheel are directly proportional to the distances of the 
points from the center about which the wheel is turning. 

The linear speed of a point on the circumference of a 
wheel is often apoken of as the periphery speed or surface 
speed of the wheel. 

Let us take another case, that of two wheels fast to the 
same shaft as shown in Fig. 5. The weight P is supposed 




Pig. 5. 



to be hung from a cord which is wound on the outside of 
wheel A and the weight W from another cord wound on the 
outside of wheel B. Suppose now that the shaft starts to 
turn in the direction shown by the «irrow. Then the cord 
which supports P will be paid <>"*? that is, will unwind, at a 
speed just equal to the periphery speed of A and the weight P 
will drop at that speed. At the same time the other cord 
will be winding on to the wheel B and the weight W will be 
rising at a speed equal to the periphery speed of B. It N 
represents the number of turns per second of the shaft, R 
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the radius o{A,Ri the radius of B, then the speed of P = 2'kRN 
and speed of TT = 2wRiNj or 

Speed P _ R /f-x 

Speed W^Rl' ^^ 

which is the same equation found when both points were on 
the same wheeL 

Example. Let the diameter of A = 12 in. and the 
diameter of B = S in. and let the shaft turn IJ times per 
second. Then 

Speed P = 27rX6X 11 = 56.55 in. per second. 
Speed Tr=27rX4X 11=37.70 in. per second. 

Now, according to Eq. (5) these speeds should be in the 
ratio of 6 to 4 or 1.5 to 1, and if 56.55 is divided by 37.7, the 
result is equal to 1.5 except for the sUght error due to carrying 
the figures to only two places of decimals. 

18. Relation between Forces and Speeds. Suppose that 
in Fig. 5 it is assumed that there is no friction and that the 
weight of P and W are such that, if the shaft is at rest, the 
weights will just balance each other, or, if the shaft is caused 
to start turning in a given direction, the weights will allow 
it to keep turning at a imiform speed. 

The work done by a force is equal to the force, expressed 
in units of force, multiplied by the distance through which 
the force acts, expressed in linear units. Now, if friction is 
neglected, the work obtained from a machine must equal the 
work put into it. Hence, in Fig. 5, if the falling weight P 
be considered as the force driving the machine, the work 
put into the machine is the weight P multiplied by the dis- 
tance P falls. The work obtained from the machine is the 
weight of W multiplied by the distance W is raised. 

Then the weight of P (in pounds or other weight imits) 
multiplied by the distance P moves in a given length of time 
is equal to the weight of W (in the same kind of weight units^ 
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multiplied by the distance it moves in the same time. If 
the shaft is assumed to make one turn, the distance moved 
l)y P and W are 2irRN and 2tRjN, respectively. 
Therefore, 

PX^RN = WX27rRiN, .... (6) 

Weight of Pinlb. fli . . 

Weight of B' in lb. R ^'^ 

Since from Eq. (.5) the 

Linear speed of P_ B 
Linear apeed of W R\ 
and from Eq, (7) 

Weight of P _Ri 
■ Weight of Wfl' 
Therefore, 

Weight of P ^ Speed of W 
Weight of W Speed of P' 




(8)' 



19. Levers. The mechanical elements known as levers, 
in some form or other, are familiar to every one. The>' 
arc subject to the same laws that have just been explained 
for revolving wheels. A lever is not ordinarily expected to 
make a complete turn or revolution like the wheel, but to 
swing or oscillate through some relatively small angle. This 
is not, however, an essential point. 

The relation between a lever and a revolving wheel may 
be seen from the following discussion; The lever shown in 
Fig. 6, which turns about the axis C, may be assumed to 
be a piece cut out of the wheel which is shown by the dotted 
circle. Then if the lever turns through a certain angle in 
a unit time, the equations which have already been derived 

• It must be always borne in mind that any equation such aa Eq. (8) 
does not take friction into account. 
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for linear speed of points on a revolving wheel will apply- 
equally well here to points A and B or any other points on 
the lever. In Fig. 6 the two arms on the lever are shown 
180° with each other. This condition does not necessarily 
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Fig. 6. 
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hold however, for the two arms may make any angle with 
each other from 180° as in Fig.. 6 down to 0° as in Fig. 7. 
When the angle between the two arms is less than 90° as in 



1^ 



-R- 



H Rr 



^3 



\ 

B 

Fig. 7. 





Fig. 8. 



Figs. 7 and 8 it is often called a bell crank lever, and when 
the angle is more than 90^ as in Figs. 6 and 9 it is often called 
a rocker. These terms are used rather loosely and somewhat 
interchangeably however. 
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In all these cases the following equation holds true: 

Linear speed A _ Distance of A from axis 
Linear speed B " Distance of B from axis' 



(9) 



The two lever arms may be in the same plane as in Figs. 
6 to 9 or they may be attached to the same shaft but lie in 
different planes as in Fig. 10. 



-R- 



^ 




Fig. 9. 




Fig. 10. 



20. Right-handed and Left-handed Rotation. The fore- 
going laws are independent of the direction in which a wheel 
or lever is rotating. Much of the later work will involve 
direction, however, and it is well to get in mind the names 
ordinarily applied to the different directions. If a wheel or 
other body turns in the direction of the hands of a dock it is said 
to have right-handed rotation, or turn right-handed, aijd if it 
turns anti-clocktoise it is said to turn left-handed. 



CHAPTER III 



21. Order of Treatment. In Chapter II were explained 
certain laws which apply to each of the mechanical units or 
elements of group 2, page 5. In the present chapter we 
shall consider the way in which these laws are taken account 
of when combining certain of the mechanical units into' 
mechanisms (see § 2). 

It is impossible to consider the various elements in the 
exact order in which they were named on page 5 because 
elements of different groups are often combined in the same 
mechanism. 

In this chapter we shall deal with mechanisms made up 
of elements of group 1 and 2 in the following order ; 

1. A stationary piece and two or more cylinders 

2. A stationary piece and two or more cones. 

3. A stationary piece, cylinders and discs. 

22. Cylinders Rolling Together without Slipping. Exter- 
nal Contact. In Fig. 11 let .A be a cylinder fast to the 
shaft S and B a cylinder fast to the shaft Si. Assume that 
the shafts are held by the frame so that their centers are at a 
distance apart just equal to the sum of the radii of the two 
cylinders; that is; R+Ri — C. Then the surfaces will touch 
at P. Suppose also that the nature of the surfaces of the 
cylinders is such that, as they turn on thpir respective axes, 
there can be no slipping of one surface on the other. Then 
the surface speed of A must be equal to that of B, and A and B 
must turn in such directions relative to each other that tba. 

15 
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line on A which is in contact with B is moving in the same 
direction as the Une on B which it touches. (Notice the 




NfR.P.M; 



Fig. 11. 



arrows in the figure, the full arrows belonging together and 
the dotted arrows together). 

If A makes N r.p.m. and B makes Ni r.p.m. then, from 
Eq. (2), 

Surface speed of A = 27r/2iNr, 
and 

Surface speed of B = 2jrRiNu 



Therefore, if the surface speed of A equals the surface speed 
ofB, 

. . (10) 



2tRN = 2tRiNi or ^ = ^. . 



Or, in other words, the angular speeds of two cylinders which 
roll together without slipping are inversely proportional to the 
radii of the cylinders. 

This principle is fimdamental and must be clearly under- 
stood. 



, MOTION BY CYLINDERS, CONES AND DISCS 17 

23. Solution of Problems on Cylinders in External Con- 
tact. In Fig. 11 suppose C, N, and Ni are known; required 
to find the diameters of the two cylinders. From Eq. (10), 

Rl-N ^^ ^— IT- . 

It is known also that R+Ri = C. R and Ri can, therefore, 
be found by solving these as simultaneous equations and, 
knowing the radii, the diameters can readily be found. 

The same result may also be found by a simple graphical 
construction as follows: Draw the line SSi, Fig. 12, making 




Fig. 12. 

its length equal to the distance between the centers of the 
shafts (the same as C, Fig. 11). This would, in most cases, 
have to be drawn at some reduced scale. From S draw a 
line SVj making any angle with SSi, From S lay off the 
distances SK equal to Ni linear units and KT equal to N 
linear imits. The line ST is then divided into two parts 

SK and KT such that ^^='Tt • Now connect T with Si 

and from K draw a Une parallel to jPSi, cutting SSi at P. 

Then, from the similar triangles SKP and ST Si, po-= ^^ 

Ni 
= -T7. Therefore, SP will be the radius R and PSi the 

N 

radius Ri, 

Example 1. Two shafts A and B are 16 in. on centers. A is to 
turn 50 times in a minute and B 150 times in a minute. What m-ij&tVsft 
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t 

the size of the cylinders fo connect them if they are to turn in opposite 
directions? 

CcUculation. From Eq. (10). 



or, 

Also 

Therefore, 

or. 

Therefore, 

and 



Radius of A Turns of B per minute 150 
Radius of B Turns of A per minute 50 

Radius of A =3Xradius of B, 

Radius of A +radius of J5 = 16 in. 

3Xradius of J5+radius of B = 16 in. 

4Xradius of B = 16 in. 

Radius of i?=4 in. 

Radius of il=3X4 = 12m. 



3 



Graphical Solution. In Fig. 13 draw the line AB equal to 16 in. at 
some reduced scale. 

From A draw the line AF at any angle. Lay off AK equal to 150 



60 R.P.U., 




R.P.M. 



Fig. 13. 



units. Lay off KT = 50 of the same units. Join T with B and draw 
KP parallel to TB, Then BP will be found to measure 4 in. and AP 
12 in., making projxjr allowance for the scale at which AB was drawn. 
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Example 2. A cylinder 18 in. diameter on a shaft A making 
75 r.p.m. drives by rolling contact a cylinder on another shaft Bj the 
second cylinder being 4} in. diameter. How fast does B turn if the 
shafts turn in opposite directions? 

_, , , . r.p.m. of B Diam. of cylinder on A 18 4 

CcUcukUton. = = — ="~, 

r.p.m. of A Diam. of cylinder on B 4J 1 

or 

r.p.m. of B=4Xr.p.m. of A =4X75=300. 

Graphical SolvUon. (Fig. 14.) Draw the line AB equal in length 

to the sum of the radii of the two cylinders = — ^^ = 114^^1. 

On AB locate the point P 9 in. from A (therefore 2\ in. from B), 
From B, the center of the cylinder whose speed is to be found, draw a 




Fig. 14. 

line BV at any angle and lay off on this line BK equal to 75 units (that 
is, speed oi A). Join K with P and through A draw a line parallel to 
PK cutting BV at T. Then the units in KT will show the speed of B, 

24. Cylinders Rolling Together without Slipping. Inter- 
nal Contact. In Fig. 15, where the lettering corresponds to 
that of Fig. 11, the cylinder A is hollow with B inside it, so 
that the contact is between the inner surface of A and the 
outer surface of B, This is called internal contact. The 
same mathematical reasoning will apply here as in Fig. 11, 
and Eq. (10) will hold true. The distance between centers 
now, however, is equal to R—Ri instead of R+Ri. The 
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two cylinders in Fig. 15 will turn in the same direction instead 
of in oKJOsite directionB. 




Fio. 15. 



25. Solution of Problems on Cylinders in Internal C<m- 
tact. In Fig. 15 if C, N and Ni are known, to find the 
diameters of the cylinders. 

From Eq. (10), 

It is also known that R—Ri = C. These may be solved as 
simultaneous equations to find R and Bi, and therefore 
the diameters. 

The graphical solution of problems on cylinders rolling in 
internal contact is similar in principle to that shown in Fig. 12 
for external contact. Fig. 16 shows the construction for 
internal contact. 
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Example 3. Two sKafts A and B are 8 in. on centers and are to be ' 
connected by rolling cylinders to turn in the same direction; A to 




Fig. 16. 




Fig. 17. 

make 20 r.p.m. and B to make 60 r.p.m. Find the diameters of the 
cylinders. 

CalcuUUian. From Eq. (10), 

Had. A r.p.m. B 60 3 
Rad. B~r.p.m. A""2o''i' 

Had. A=3Xrad. B, 

Rad. A —rad. B=8 in. 
3 rad. B-rad. B=S in. 

2 rad. B=8in. 
Rad. B =4 in. Ana. 

Rad. A=3Xrad. B=3X4in = 12in. Ans. 



or 
also 



or 



and 
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Graphical Solviion. Fig. 17 shows the graphical solution for this 
problem. 

Example 4. A cylinder 24 in. diameter on a shaft A making 60 
r.p.m. drives by rolling contact a cylinder on another shaft B, the 
second cylinder being 6 in. diameter. The shafts turn in the same 
direction. How fast does B turn and how far apart are the shafts? 



Calculation. 



and 



or 



Rev. B_Diam. cyl. on A 24 4 
Rev. A Diam. cyl. on B, 6 1 



R.p.m. of B=4Xr.p.m. of A =4X60=240 r.p.m., 
Dist. between centers =rad. A— rad. B, 

Dist. between centers = 12 — 3 = 9 in. Ans. 




Fig. 18. 

Graphical SoltUion. Fig. 18 shows the graphical solution of Prob- 
lem 4. 

26. Cones Rolling Together without Slipping. External 
Contact. In the preceding discussion relating to cylinders, 
the shafts were necessarily parallel. It is often necessary 
to connect two shafts which lie in the same plane but make 
some angle with each other. This is done by means of right 
cones as shown in Fig. 19 or frusta of cones as shown in 
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F^. 20. The same reasoning applies to the ratio of speeds 
at the base of the cones as to the circles representing the 
cylinders in Fig. 11, That is, 






JVi B 




But 


Bi-OPainPOSi 




and 


R-OPsiaPOS. 




Therefore, 








R, OPainPOS, 


Sin POS, 




R OP sin POS 


sin POS- 
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Substituting this expression in Eq. (11). 

N Sin POSi 



Ni Sin POS 



(12) 



NrR.P.M. 




Fig. 20. 



27. Solution of Problems on Cones in External Contact. 

Problems on rolling cones similar to tho§e already discussed 
in connection with cylinders, may be solved by calculation, 
using Eq. (11) or Eq. (12). Such calculations are very likely 
to involve functions of the angle between the shafts and long 
trigonometric formulae would then be necessary. The solu- 
tion of problems on cones by means of a graphical construc- 
tion is, therefore, preferable unless extreme accuracy is 
desired. 

In Fig. 21 y S and Si are two shafts which arc to be con- 
nected by rolling cones to turn as indicated by the arrows. 
Their center lines meet at 0. S is to make N r.p.m. and 
Si is to make Ni r.p.m. Required to find the line of contact 
of two cones which will connect the shafts, and to draw a 
pair of cones. 

Draw a line parallel to OA, on the side toward which its 
direction arrow points, at a distance from OA equal to Ni 
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units. Draw a similar line parallel to OS, N units distant 
from OB, These two lines intersect at K. A line drawn 
through O and K will be the line of contact of the required 
cones. Select any point P on OK and from P draw lines 
perpendicular to AO and BO meeting AO and BO at M and 
Ml, respectively. Produce these lines, making MH=MP 




Fig. 21. 



and MiJ = MiP. Draw HO and JO. Then OPH and OP J 
are cones of the proper relative sizes to connect S and Si 
to give the required speeds. 

If the point P had been chosen nearer to 0, the cones 
would have had smaller diameters at their bases but the 
ratio of the diameters would have been the same, or, if P 
had been chosen farther away from 0, the bases would have 
been larger but still of the same ratio. If frusta of cones 
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are desired, the cones can be cut off anywhert', as shown by 
the dotted lines FE and FG. 



Ezsmple fi. Two shafts S and S,, Fig. 22, in the same plane, make 
n angle of 105° with eath other, S is to torn 90 times per minute and 




iSi 30 times per minute. A cone on A having a bafie ' in. diameter ia 
to roll with a ("one on B to give the required speeds, direetiona of rota- 
tion are to be as shown. To find the diameter of the base of the cone 
on B and to draw the eones. 

Solution. Draw a hne parallel to S 30 units distant from S. and a 
line parallel to S, 00 units distant from Si. These lines intersect at 
K; then KO is the element of contact. Since the base of tho amaJler 
cone is to lie f in. diameter, find a point P on OK which is f in. from 
S. Through this point draw the bases of the coaea perpendicular to S 
and 5] in the same way as explained for Fig. 21. 

28. Cones Rolling Together without Slipping. Internal 
Contact. Cones may be arranged for internal as well as 
external contact. This construction is not very often met in 
practice, but the necessity for it sometimes occurs and it ia 
I well to be familiar with the problem. Fig. 23 shows the 
|, principle involved. Corresponding points are lettered the 
Bame as in Fig. 19, and the same equations apply for finding 
the ratio of speeds of the two shafts. The same distinction 
as in the cnse of rolhng cylinders holds true with regard to 
the opposite direction of rotation for external contact and 
the same direction for internal contact. 
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29. Solution of Problems on Cones Rolling in Internal 
Contact. No new principles are needed to solve problems 



•R.P.M: 




Ni-R.P.11. 



f'lG. 23. 



on cones in internal contact. The same methods used for 
cones in external contact are used for the internal contact. 

30. Disc and Roller. A mechanism similar in action to 
the rolling cones is shown in Fig. 24. The shaft S has the 
disc H fast to it. On the shaft T is the roller F which has a 
key fitting into a spline in T but may be placed in any 
desired position by the " shipper " G, The roller is usually 
made of some fibrous material pressed tightly between two 
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r ,^-R.p.M. 




Fig. 24. 




Fig. 25. 
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metal plates, and its outer surface may have a curved con- 
tour line as shown. If 72 is the distance from the center of S 
to the place where the roller touches the disc H, and Ri is 
the radius of the roller, then, if there is sufficient friction 

between the surfaces to prevent sUpping, i^ = ^- K the 

roller is moved nearer the center of S as shown in Fig. 25, 




..± 



^ 



N47KJ,M. T 



Fig. 26. 



the distance R is decreased while Ri remains constant. 
Therefore, if T is the driver running at a constant speed, the 
speed of S will be increased when the roller is placed -nearer 
its center, or, if S is the driver, the speed of T will be de- 
creased when the roller is placed nearer the center of the 
disc. If the roller is moved to the opposite side of the center 
of the disc as in Fig. 26, the direction of rotation of the 
driven shaft will be reversed. 



CHAPTER IV 

GEARS AND GEAR TEETH 

31. Gear Drives. It will be seen from § 22 that if, in 
Fig. 27, the discs A and B sx? keyed to the shafts S and Si 
respefitively, the angular speed of iS is to the angular speed of 
Si as D\ is to D, provided there is sufficient friction between 
the circumferences of the discs to prevent one shpping on the 
other. If the speed ratio must be exact, or if much power is 




Fig- 27. 



to be transmitted, a drive like tiiis, depending solely upon 
friction, is not positive enough. To make sure that there 
shall be no slipping, wheels having teeth around their cir- 
cumferences are substituted for the plain discs. Such a pair 
of wheels is shown in Fig. 28 and a similar pair in Fig. 29. 
In Fig. 28 the larger gear has 16 teeth and the smaller gear 
I 12 teeth. A^ume that the shaft S is being turned from 
I some external source of power; the gear A, since it is keyed 
to S, will turn with it. Then the teeth on A will push the 



GEARS AND GEAR TEETH 



31 



teeth on B, a tooth on A coming in contact with a tooth on B 
and pushing that tooth along until the gears have turned so 
far aroimd that those two teeth swing out of reach of each 
other. In order for B to make a complete revolution each 




00 



2 O 



^ 



one of its 12 teeth must be pushed along thus past the 
center line. Therefore, while B turns once 12 of the teeth on 
A must pass the center Une. Since A has 16 teeth in all, A 
will therefore make {ioi a. turn while B makes one turn. In 
other words, the turns of A in a given time are to the turns of 
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B in the same time as the nurnber of teeth on B are to the num- 
ber of teeth on A. 

It is evident that the distance from the center cf one tooth 
to the center of the next tooth on both gears must be alike in 




Fig. 29. 



order that the teeth on one may mesh into the spaces on the 
other. 

32. I^tch Circles and Pitch Point. Let a point P be 

found on the center line SS\ such tliat ^S7r=s; — i^— ^ — „ 
PSi Teeth on S 

and through this point draw circles about S and Si as centers. 

Call their diameters D and Di . Then D = 2PS and Z>i = 2PSi 

Since, as shown above, 

Revolutions of B _ Teeth on A 
Revolutions of A Teeth on B' 
therefore. 

Revolutions of B _ D 
Revolutions of il Di' 

TTiat ia, the two gears when turning will have the same speed 
ratio as would two rolhng cylinders of diameters D and Z>i. 
The point P which divides the line of centers of a pair of 
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gears into two parts proportional to the number of teeth in 
the gears is called the pitch point. The circle D, drawn 
through P with center at S is the pitch circle of the ^t;ar A 
and the circle Di is the pitch circle of the gear B, 

33. Addendum and Root Circles. The circle passing 
through the outer ends of the teeth of a gear is called the 
cMendum circle and the circle passing through the bottom of 
the spaces is called the root drde, 

34. Addendum Distance and Root Distance. Length of 
Tooth. The radius of the addendum circle minus the radius 
of the pitch circle is the addendum distance, or, more com- 
monly, the addendum. The radius of the pitch circle minus 
the radius of the root circle is the root distance or root or 
dedendum. The root plus the addendum is the length of 
tooth, 

36. Face and Flank of Tooth. That portion of the tooth 
curve which is outside the pitch circle is called the face of the 
tooth or tooth face. This must not be confused with the term 
" face of gear " (§ 36). The part of the tooth curve inside 
the pitch circle is called the flank of the tooth. 

36. Face of Gear. The length of the gear tooth in a 
direction parallel to the axis of the shaft is called the length 
of the face of the gear or width of face 
of the gear. (See top view, Fig. 28.) 

37. Clearance. The distance meas- 
ured on the Urie of centers, between 
the addendum circle of one gear and 
the root circle of the other, when they 
are in mesh, is the clearance. 

38. Backlash. When the width 
of a tooth, measured on the pitch 
circle, is less than the width of the 
space of the gear with which it is in 
mesh, the difference between the width of space and width 
of tooth is called the backlash. This is shown in Fig. 30 
where S minus T is the backlash. Accurately made (^e&rs. 
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rraroly have any appreciable amount of backlash, but cast 
gears or roughly made gears require backlash. 
39. Circular Pitch. The distance from the center of one 
[ tooth to the center of the next tooth, measured on the pitch 

circle, is called the circular pitch. This is, of course, equal 
to the distance from any point on a tooth which lies on the 
pitch circle to the corresponding point on the next tooth. 
See Fig. 28. The circular -pitch is equal to the width of tooth 
plus the width of the space between teeth, measured on the pitch 
circle. The whole circumference of the pitch circle is equal 
to the circular pitch multiphed by the number of teeth, or 
the circular pitch is equal to the circumference of the pitch 
circle divided by the number of teeth. In Fig. 28 let T rep- 
resent the number of teeth in the gear A and let C represent 
the circular pitch. Then, 



(13) 



Two gears which mesh together must have the same circular 
pitch. 

40. Diametral Pitch and Pitch Tfumber. The term diam- 
etral pilch is used by different authorities to mean two 
different quantities. Most gear makers' catalogues and 
many hooks on gearing define diametral pitch as the number 
of teeth per inch of diameter of pitch circle. For example, if 
a gear has 24 teeth and the diameter of its pitch circle is 8 in., 
these authorities would say that the diametral pitch of the 
gear is 24 divided by 8 or is 3. Tliis is also called the pitch 
number. 

Other authorities define diametral pitch as the length of 
pitch diameter which the gear has per tooth, or the ratio of 
the diamet-er to the number of teeth. That is, referring 
again to the 24 tooth gear having a pitch diameter of 8 in., 
according to this latter definition the diametral pitch would 
be 8 in. divided by 24 or ^ of an inch. Another name for 
this quantity is viodvle. 
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Throughout this book the terms diametral pitch and pitch 
number will be used interchangjBably, meaning the number of 
teeth per inch of pitch diameter, and the name module 
will be used for the amount of diameter per tooth. 

If M represents the module and P.N. the pitch number or 
diametral pitch, T the number of teeth and D the pitch 
diameter, the above may be expressed in the form of equa- 
tions as follows: 

,^_ Pitch diameter _Z) . . 

Teeth T ' ' ' ' ^^^) 

P.N. = 5^5?th ^T 

Pitch diameter D 

41. Relation between Circular Pitch and Module. 

FromEq. (14) M = ^, 

and from Eq. (13) 

Dividing Eq. (13) by Eq. (14), 

M T ' T'""' 
or 

C = MXt, . ... . . (16) 

or 

C= ^ 



P.N.' 



Or, in words, the circular pitch is equal to the module mul- 
tipUed by 3.1416. 

42. Angle and Arc of Action. The angle through which 
the driving gear turns while a given tooth on the driving 
gear is pushing the corresponding tooth on the driven gear 
is called the angle of action of the driver. Similarly, the 
angle through which the driven gear turns while a given one 
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of its teeth is being pushed along is called the angle of action 
of the driven gear. \ 

In Fig. 31 a tooth M on the driving gear is shown (in 
full lines) just beginning to push a tooth N on the driven 
gear. The dotted Unes show the position of the same pair 
of teeth when N is just swinging out of reach of M . While 
M has been pushing iV, any radial line on the gear B, as for 




Fig. 31. 



example, the line drawn through the center of the tooth M, 
has swung through the angle K^ and any line on gear A has 
swung through the angle V. K is, therefore, the angle of 
action of the gear B and V is the angle of action of the gear -4. 

The arc of action is the arc of the pitch circle which sub- 
tends its angle of action. 

The following equation holds true: 



Angle of action of driver 
Angle of action of driven gear 

_ Number of teeth on driven gear 
Number of teeth on driver 



• (17) 



The arc of action must never bo less than the circular pitch. 
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43. The Path of Contact. Referring still to Fig. 31, the 
teeth as shown in full lines are touching each other at one 
point a. This point is really the projection on the plane 
of the paper of a line of contact equal in length to the width 
of the gear face (see § 35). In the position shown dotted the 
teeth touch each other at the point 6. If the teeth were 
drawn in some intermediate position, they would touch at 
some other point. For every different position which the 
teeth occupy during the action of one pair of teeth they have 
a different point of contact. A Une drawn through all the 
points at which the teeth touch each other (in this case the 
line aPh) is called the path of contact. This may be a 
straight line or a curved line, depending upon the nature of 
the curve which form the tooth-outlines. In all properly 
constructed gears the pitch point P is one point on the path 
of contact. 

44. Law Governing the Shape of the Teeth. The curves 
which form the outline of the teeth on a pair of gears may, 
in theory at least, have any form 
whatever, provided they con- 
form to one law, namely: The 
line drawn from the pitch point to 
the point where the teeth are in 
contact must be perpendicular to a 

line drawn through the point of • 

contact tangent to the curves of the y^ 
teeth. 

This is illustrated in Fig. 32. 
The teeth in the full line posi- 
tion touch each other at a. That 
is, the curves are tangent to 
each other at this point. The 

line ST is drawn tangent to the two curves at a. The 
curves must be made so that this tangent line is perpen- 
dicular to the line drawn from a to P. Similarly, in the 
dotted position the line VW which is tangent to the curves 
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at their point of contact b must be perpendicular to the 
hue bP. This must hold true for all positions in which a 
pair of teeth arc in contact in order that the speed ratio of 
the gears shall i-eniain constant. 

46. Obliijuity of Action or Pressure Angle. The angle 
Ijetween the line drawn through the pitch point jwrpendicu- 
lar to the line of centers, and the line drawn from the pitch 
point to the point where a pair of teeth arc in contact is 
called the angle of obliquity of action or pressure angle. In 
some forms of gear t*eth this angle remains constant while 
in other forms of teeth it varies. 

The direction of the force which the driving tooth exerts 
on the driven tooth is along tho line drawn from the pitch 
point to the point where a pair of teeth are in contact. The 
smaller the angle of obhquity the greater will be the com- 
ponent of the force in the direction to cause the driven gear 
to turn and the less will be the tendency to force the shafts 
apart. In other words, a large angle of obliquity tends to 
produce a large pressure on the bearings. 

46. The Involute of a Circle. The form of the curve 
most commonly given to gear teeth is that known as the 
involute of a cu-cle. Teeth properly constructed with this 
curve will conform to the law described in § 44, This curve 
and the method of drawing it will, therefore, be studied 
before considering the method of applying it to gear teeth. 

In Fig. 33 the circle represents the end view of a cylinder 
. around which is wrapped a cord, fastened to the cyhnder at 
A and having a pencil in a loop at P. If now the pencil is 
swung out so as to unwind the cord from the cylinder, keep- 
ing it always taut, the curve which the pencil traces on a 
piece of paper on which the cylinder rests is known as an 
involute of the circle which represents the end view of the 
cylinder. All involutes drawn from the same circle are alike, 
but involutes drawn from circles of different diameters are 
different. The greater the diameter of the circle the flatter 
will be its involute. ^ 
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In constructing the involute of a circle on the drawing 
board it is, of course, impossible actually to wrap a cord 
around the circle and draw the involute by unwinding the 
cord. Fig. 34 shows the method of constructing an involute 
on the drawing board. Suppose the involute is to be drawn 




Fig. 33. 




Fig. 34. 



starting from any point p on the circle whose center is C, 
Set the dividers at any convenient short spacing; a distance 
which is about ^ the circumference of the circle will give 
good results. Place one of the points of the dividers at p 
and space along on the circumference a few times, getting 
the equidistant points m, n, r, s. At each of these points 
draw radial lines and construct lines perpendicular to these 
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fsulii an Hhown. Elach of these perpendiculars will then be 
tangent to the circle at one of the points. Taking care that 
the setting of the dividers remains unchanged, la3r off one 
space ml on the tangent at m. On the next line, which is 
tangent at n lay off from n the same distance twice, getting 
the point 2. From r lay off the distance three times, getting 
the point 3; and so on until points are found as far out as 
desired. A smooth curve drawn through these points with a 
French curve will be ^a very close approximation to the true 
involute, — close enough for all practical piuposes if the work 
is done carefully. 

47. Application of the Involute to Gears. In Fig. 35 let 
A and B be the centers of two gears whose pitch circles are 



{ ^Base Circle 







j L- Pitch Circle 
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Pitch circle 



Base Circle 
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tangent at P. Through P draw a line XX perpendicular to 
the lino of centers AB and another line YY making an angle 
K with XX, From A draw a line Aa perpendicular to YY 
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and from B draw Bh also perpendicular to YY, Then Aa 
and Bb will be the radii of circles drawn fronj A and B 
respectively, tangent to YY. These circles may be called 
base circles. Now, from geometry the triangle AaP is similar 

to the triangle BbP, therefore, -t^ = -5^. That is, the radii 

of the base circles are in the same ratio as the radii of the 
pitch circles. Therefore, since 

Angular speed of A BP 



it follows that 



Angular speed of B AP' 

Angular speed oi A Bb 
Angular speed of B Aa 



If now the tooth outlines on the gear A are made in- 
volutes of the circle whose radius is Aa and those on B 
involutes of the circle whose radius is 56, it can be shown 
that a tooth on A will drive a tooth on B in such a way that 
at all times the angular speed of A will be to the angular 
speed of B as Bb is to Aa. The same ratio of speeds would 
hold if B were the driver. The teeth would always be in 
contact at a point on the line aPb or at a point on aiPbi. 
The path of contact in gears having involute teeth is, there- 
fore, a straight line and the angle of obliquity or pressure 
angle is constant. That is, the direction of the force which 
the driving tooth exerts on the driven tooth is the same at all 
times. 

48. To Draw a Pair of Involute Gears. Suppose that it 
is required to draw a pair of involute gears 4-pitch, 16 teeth 
in the driver and 12 teeth in the driven gear; addendum on 
each to be I in. and dedendum -^ in.; pressure angle 22 J °. 

One-half of one gear and 4 teeth on the other will be 
drawn. In Fig. 36 draw a center line and on this line choose 
a point S which is to be the center of the driving gear. To 
find the distance between centers and thus locate the center 
of the other gear, first find the pitch diameter of each. 
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Since the driver has 16 teeth and is 4-piteh (that is it has 4 
teeth for every inch of pitch diameter), its pitch diameter 
must be 16-^4 or 4 in. In like manner the diameter of the 
other gear is 12-^4 or 3 in. The distance between centers 




Fig. 36. 



must be equal to the radius of the driver plus the radius of 
the driven gear and is, therefore, 2+ 1| in. or 3^ in. Measure 
ofif the distance SSi equal to 3i in. and Si is the center of the 
driven gear. Next, locate the pitch point P, 2 in. from S or 
IJ in. from Si, and through P draw arcs of circles with S 
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and Si as centers. These ares are parts of the pitch circles 
of the two gears. Through P draw the line XX perpen- 
dicular to the line of centers and draw the line YY making 
an angle of 22^° with XX. From S and Si draw lines 
perpendicular to FF meeting it at a and 6. With radii Sa 
and Sib draw the base circles. Draw the addendum circle 
of the upper gear with S as a center and radius equal to the 
radius of the pitch circle plus the addendum distance. 
This will be 2i in. In similar manner draw the addendum 
circle of the lower gear with a radius 1 J in. Draw the root 
circle of the upper gear with *? as a center and radius 2—-^^ 
in. (that is pitch radius— dedendum.) Find the root circle 
of the lower gear in a similar way. We are now ready to 
construct the teeth themselves. 

From the point a space ofif on the base circle the arc at 
equal in length to the line aP and from f, thus found, draw 
the involute of the base circle of the upper gear as described 
for Fig. 35. tPk is the curve thus found. In a similar man- 
ner find the point r such that arc br is equal in length to the 
line bP and from r draw the involute rPn of the lower base 
circle. 

The shape of the tooth curves having been found in this 
way, the next step is to find the width of the teeth on the 
pitch circles and draw in the rest of the curves. Since the 
gears are 4 pitch, the circular pitch is JX3.1416 = .7854 in. 
and if the width of the tooth is one-half the circular pitch, as 
is usually the case, the width of the tooth on each gear must 
be ^ X .7854 or .39 in. nearly. Therefore, lay ofif the arc PR 
equal to .39 in. and through R draw an involute which is a 
duplicate of the curve tPk except that it is turned in the 
reverse direction. Similarly make PT equal .39 and draw 
an involute through T which is a duplicate of the curve nPr. 
These curves can be transferred to the new positions by 
means of templets, it being unnecessary to construct the 
curve more than once. The part of the tooth outlines below 
the base circles may be made radial lines with small fillets 
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at the bottom corners. One tooth on each gear has now 
completed and otlier teeth may Ije drawn like these by means 
of templtits. 

If the larger ge^r is the driver and turns in the directiott 
indicated by the arrow, the path of contact is the hire' 
MPN. 

49. Limits of Addendmn on Involute Gears. Fig. 37 
shows one tooth on each of a pair of 4-pitch gears of 18 and 
24 teeth respectively. The addendmn arcs of the teeth, 
shown in full hnes, are such that the addendum distance is 
equal to | the module (^ in.). If for any reason it is 
desired to redesign these gears with longer teeth, that is, 
with larger addendmn circles, it will be necessary to know 
how long the teeth can be made without causing trouble. 
The tooth on B can be increased in length until the addendum 
circle passes through the fjoint a, where the line of obliquity 
YY is tangent to the base circle o! A. If the tooth is made 
longer than this limit, interference will result unless some 
special form of curve is constructed in place of the involute 
for the outer end of the tooth. The tooth on A might be 
lengthened until the addendum circle passed through the' 
point of tangency b except for the fact that there is another'' 
^^^^^ limit to the addendum which sometimes has to be consid- 
^^^^^ ered. The maximum addendum here is limited by th^' 
^^^^H intersection of the two sides of the tooth giving a point^.' 
^^^^H tooth. It is evident that no further increase in addendum. 
^^^^H is here possible. 

^^^^P ■ 60. Standard Proportions. There is no one standarc) 
^^^^H governing the relations between pitch, addendum, clearance, 
^^^^H etc. Two methods of proportioning the teeth may tie men- 
^^^^H tioned which, for convenience, will be referred to a.s the 
^^^H^ Brown & Sharpe Standard and the American Society of 
^ Mechanical Engineers Standard. The Brown & Sharpe 

■ standard represents the proportions ordinarily used by the 

■ Brown & Sharpe Manufacturing Company. Their prac- 
I tice is to modify the form of the tooth curves slightly at the 
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Fig. 37. 



end as experience has shown them to be desirable. The 
A.S.M.E. standard is that proposed in a majority report of 
a committee appointed to recommend a standard which 
would be desirable for general adoption. 
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The following tables give the proportion for the two 
standards. 

TABLE I.— BROWN & SHARPE STANDARD FOR INVOLUTE 

GEARS 

Angle of obliquity (pressure angle) 14^° 

Addendum Equal to module 

Clearance Approximately J module 

Dedendum or root Approximately 1^ module 

TABLE II.— A.S.M.E. STANDARD (Proposed) FOR IN- 
VOLUTE GEARS 

Angle of obliquity (pressure angle) 22 J ° 

Addendum | module 

Clearance | module 

Dedendum or root Equal to module 

61. Rack. A rack is a gear whose pitch line is a straight 
line, as shown in Fig. 38. The gear which meshes with a 




Fig. 38. 



rack is often called a pinion. If the pinion turns on a fixed 
axis, the rack will be moved along in a straight line, suitable 
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guides being necessary. The rack may be the driver and by 
moving along cause the pinion to turn on its axis. If the 
rack is fixed in position and the pinion is caused to turn, it 
will roll along on the rack like a wheel rolling on a track. 
The tooth outlines of an involute rack are straight lines per- 
pendicular to the line of pressure. 

62. Annular Gear. Gears may run in internal contact, 
corresponding to the internal contact of cylinders (§ 24). 




Fig. 39. 



Fig. 39 shows such a pair of gears. The gear B consists of a 
hollow cylinder with teeth on its inner surface and is called 
an annular gear. The principles already brought out with 
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reference to gears working in external contact apply equally 
well in the case of a pinion and annular. P is the pitch 
. point and the following equation holds true. 

SiP_ Teeth on B 
fiP~Teethon A' 

63. Bevel Gears. A pair of bevel gears bears the same 
relation to a pair of rolling cones (§ 26) that a pair of spur 
gears bears to rolling cylinders. 

Fig. 40 shows two bevel gears meshing together. Here 




-rsr 



as in the case of spur gears, the angular speeds are inversely 
proportional to the number of teeth. 

The pitch circle of a bevel gear is the base of the cone 
which the gear replaces. 

64. To Draw tiie Blanks for a Pair of Bevel Gears. A 
convenient way to gain an understanding of the principle of 
bevel gear design will be to study the method of drawing 
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the blanks from which a pair of bevel gears is to be cut. 
Let it be assumed that a 6-pitch, 12-tooth gear is to mesh 
with an l&-tooth gear, the axes to intersect at 90°. Start 




with the point 0, Fig. 41, as the point of intersection of the 
two axes. Draw OS and OSi making the required angle 
(in this case 90°). These are the center lines of the sliafts. 
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Assume that the 12-tooth gear is to be on Si. Call this J 
gear A and the 18-tooth gear B. Sinte A has 12 teeth and 
is 6-pitch, its pitch diameter, that is, the diameter of the base 
of its pitch cone (§53), is 12-;- 6 or 2 in. In like manner the 
pitch diameter of B is 18-j-6 or 3 in. From measure along 
OSi a distance OM equal to the pitch radius of B (1| in.) 
and, through M, thus found, draw a line perpendicular to 
OSi. In like manner make ON equal to the pitch radius of 
A and draw a line through N perpendicular to OS. These 
lines intersect at K. Make MR equal to MK £ind NT equal 
to NK. From R, K, and T draw Imes to 0. Then the 
triangle ORK is the projection of the " pitch cone " of the 
gear A and OTK that of the " pitch cone " of B. It will 
be noticed that the above construction is the equivalent of 
that for rblhng cones given in § 27. Next, draw through K 
a line perpendicular to OK meeting OSi at P and OS at a 
point H not shown in the figure. Draw a line from H 
through T and from P through R. The cone represented 
by the triangle THK is called the normal cone of the gear B 
and that represented by the triangle RPK is called the nor- 
mal cone oi A. 

From R lay off Ra equal to the addendum that is to be 
, used on gear A {this is determined by the same considera- 
f tions that would be used for the dedendum on a spur gear). 
t Along RO lay off Rr equal to the desired length of gear face 
1 (§ 35). Through r draw a line parallel to PR. From a draw 
ra hne to meeting this parallel at oi. Through a draw 
j parallel to RK meeting PHK at 02. From ai draw parallel 
I to RK meeting a line drawn from 02 to at as. Lay off 
[-along RP tile distance Rd equal to the addendum and draw 
I from d toward meeting air at di . Find 1^2 and da in the 
le way that 03 and 03 were found. The figure addiai 
[ represents the tooth. The dimensions of the hub and the 
L position of lines FG and FiGi may be made anything that is 
desirable. 

66. Drawing the Teeth on Bevel Gears. Fig. 42 shows 
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a method of drawing the teeth on a pair of bevel gears. A 
complete descriptioh of the process will be omitted, the 
main steps being evident from the figw%. Attention is 




Fig. 42. 



called to the fact that the circles used as pitch circles in the 
design of the teeth are portions of the development of the 
bases of the pitch cones. 

66. Spiral Gears and Helical Gears. A pair of spiral 
gears is shown in Fig. 43. Here the shafts are neither parallel 
nor intersecting. The teeth wind round the outside of 
the gears in helical curves. When gears with helical teeth 
are used to connect parallel shafts, they are ordinarily called 
helical gears, and when used on non-parallel shafts they are 
called spiral gears. A full discussion of the theory of spiral 



52 PRINCIPLES OF MECHANISM 

gears is beyond the scope of the present book and a few of 
the fundamental principles only will be touched upon. If 
tiie reader Hishes to go more fully mto the subject, he can 




\ 
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readily find, in any good Ubrary, books devoted entirely 
to the subject of gearing in which spiral gears are fully dis- 
cussed. 

67. The Helix; Its Construction and Properties. A 
belix is a curve wound around the outside of a cylinder or 
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cone advancing uniformly along the axis as it winds around. 
The nature of the curve and the method of drawing it may 
be imderstood from a study of Fig. 44. 

The angle of a helix is the angle which a straight line 
tangent to the helix at any point makes with an element of 
the cylinder. This angle is the same for all points on the 
helix. Two helices are said to be normal to each other when 
their tangents drawn at the point where the helices intersect, 
are perpendicular to each other. 

68. Speed Ratio of Spiral Oears. In Fig. 45 let S be the 
center line of the shaft on which is the driver in a pair of 



Axil of Drivings 

Gear 7^ 
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Fig. 45. 



spiral gears, and &\ the center line of the shaft on which is 
the driven gear. The line M'N represents the line tangent 
to the helical pitch line of a pair of teeth at their point of 
contact. Then B is the angle of the helix on the driving 
gear and B\ the angle of the helix on the driven gear. D is 
the pitch diameter of the driver and T>\ the pitch diameter 
of the driven gear. 

The following formula can be deduced by trigonometry: 



Angular speed of driven gear _ T> cos B 
Angular speed of driving gear Di cos B\ 



(18) 
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It can also be shown that 

Angular speed of driven gear 
Angular speed of driving gear 

_ Number of teeth on driving gear 
Number of teeth on driven gear* 



(19) 



In connection with Eq. (19) it should be noted that the 
numbers of teeth on a pair of spiral gears are not propor- 
tional to the pitch diameters. This is true because the teeth 
wind around the circumference instead of running parallel 
to the axis. 

69. Cycloidal Gears. At the present time almost all 
gears are based on the involute form of tooth already de- 
scribed. Formerly the curves used for the outlines of the 
teeth were cycloidal curves. This system has largely gone 
out of use except in special cases. A full discussion of this 
system can be found in almost any treatise on gearing. It 
does not seem to the authors to be of sufficient importance 
to be included here 



CHAPTER V 
BELTS, ROPES AND CHAINS 

60. Belt Drives. It has been seen, in a previous chapter, 
that two shafts may be connected by cylinders in contact 
with each other, or by gears, which are the equivalent of 
rolling cylinders. If the shafts which are to be connected 
are so far apart that it is not possible or convenient to use 
cylinders large enough to be in direct contact with each other, 
some other means of connection must be provided. The 
usual method in such a case is to put cylinders of the proper 
relative diameters on the shafts, and stretch over the cylin- 





FiG. 46. 

ders a flexible band to form the connection. A simple exam- 
ple of this is shown in Figs. 46 and 47; Fig. 47 being the 
orthographic projections of the same shafts shown pic- 
torially in Fig. 46. 

The connection may be a flat band or belt of leather, 
cotton, or other fiber, such as shown in the above figures, or 
it may be a rope either of wire or of any of the ordinary 
materials of which rope is made, or it may be a chain. The 
cylinders must have properly shaped surfaces to work to the 
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best advantage with the particular kind of connector used. 
In the case of the flat belt the cylinders are called pulleys, 




Fig. 47. 



in the case of rope connectors the cylinders are often called 
sheaves, or sheave pulleys, and when used with a chain they 
are called sprocket wheels. 

61. Pulleys for Flat Belt. Fig. 48 is a picture of a 
medium-sized plain pulley such as is used for leather and 
other flat belts. The details of construction, of course, vary 
with the size of pulley and the conditions imder which it is 
used. One feature is almost always found in pulleys when 
the belt is expected to remain always at the center of the 
pulley. This is the feature known as crowning. The 
surface of the pulley, instead of being cylindrical, is slightly 
larger in diameter at the center than at the two edges, as 
shown in Figs. 49 and 50. The amount of crowning is exag- 
gerated in these figures. In Fig. 49 the pulley has the form 
of two frusta of cones placed base to base, and in Fig. 50 
the contour line is curved. In either case the object is the 
same, namely to keep the belt at the center of the pulley. 
A belt tends to run to the place where it is tightest; conse- 
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quently, where the diameter of the pulley is larger at the 
middle the belt tends to run at the middle. The reason for 




m^ 
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this action of the belt may be explained as follows: Let Fig. 
51 represent a pulley very much wider than the belt which is 
to run on it, with the crowning very much exaggerated. 
Suppose the belt is stretched over this pulley with consider- 
able tension. The pull on the belt tends to make it bug the 
surface of the pulley somewhat as indicated by the full lines, 



-1^ 




although the stiffness of the belt does not allow it to quite 
occupy this position. Any point, as a, on the pulley, which 
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is in contact with the belt, is moving in the direction of the 
arrow, and, after a part of a tiirn, will arrive at ai. Since 
the belt adheres to the surface of the pulley, with compara- 
tively httle slippmg, the belt will tend to go to the position 
shown dotted. This process continues until the belt has 
climbed to the highest part of the pulley, 

62. Speed Ratio of Shafts Connected by a Belt. In Fig. 
52 let the diameter of the pulley on shaft 5 be D inches and 



I 

i 




[the diameter of the pulley on Si be Di inches. Also let N 
represent the r.p.m. of 5 and Ni represent the r.p.m. of Si. 
Then from the law expressed in equation (2) 
an 
th. 
pu 
Th 



and 



Surface speed of pulley on S = irDN, 



Surface speed of pulley o 



irDiNi. 



If the belt adheres to the surface of both pulleys so that 
there is practically no slipping, the surface speeds of both 
pulleys will be the same. 
That is 

wDN=',rD,N,. 
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Therefore, 

^=^ (20) 

or, in other words, the speeds of two shafts connected by a belt 
running over pulleys are inversely as the diameters of the pul- 
leys. In theory the diameters used in the preceding dis- 
cussion should be the diameters 6i circles half the thick- 
ness of the belt outside the real pulleys and known as the 
effective diameters. This degree of refinement is unnecessary, 
however, and, in all practical work the diameters considered 
are the actual pulley diameters. 

63. Solution of Problems on Speed of Shafts Connected 
by a Belt. 

Example 6. Assume that a shaft A makes 360 r.p.m. On A is a 
pulley 24 in. diameter belted to a pulley 36 in. diameter on another 
shaft B. 

From Eq. (20) 

Speed of A Diam. of pulley on B 
Speed of B Diam. of pulley on A 

Substituting the known values, this equation becomes 

360 36 

Speed of B~ 24* 

Therefore, 

24 
Speed of B=— X360=240 r.p.m. 
36 

Example 7. Suppose a shaft A making 210 r.p.m. is driven by a 
belt from a 30-in. pulley on another shaft B which makes 140 r.p.m.; 
to find the size of the pulley on A. Using the principle of Eq. (20), 



Therefore, 



Speed of A Diam. of pulley on B 
Speed of B Diam. of pulley on A' 



210 30 30X140 _. 

-— -=— or x=—-— — =20 m. 
140 z 210 



Then a 20-in. pulley is required on A. 
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64. Relative Directioo of Rotation. The relative direc- 
tions in which the pulleys turn depend upon the manner in 
which the belt is put on the pulleys. The belt shown in 




Fig. 52 is known as an open belt and the pulleys turn in the 
same direction as suggested by the arrows. The belt shown 
in Fig. 53 is known as a crossed belt and the pulleys turn in 
opposite directions as indicated. 

65. Kinds of Belts. The material most commonly used 
for flat belts is leather. For some kinds of work, however, 
beita woven from cotton or other similar material are used. 
When the belt is to be run in a place where there is much 
moisture, it may be made largely of rubber properly com- 
bined with fibrous material in order to give strength. 

Leather belts are made by gluing or riveting to- 

(.gether strips of leather cut lengthwise of the hide, near 
the animal's hack. If single thicknesses of the leather 
3 fastened end to end, the belt is known as a single belt 
and it is usually about -^ in. thick. If two thicknesses 
of leather arc glued together, flesh side to flesh side, the 
belt is known as !i double belt and is from ^ to I in. 
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thick, The manner of uniting the ends of the strips to 
form a belt, and of fastening together the enda of the 
belt to make a continuous band for running over puileys, 
is very important. A detailed discussion of these fea- 
tures is not necessary, however, in our present study of 
the subject. 

66. Power of Belting. The amount of power which a 
given belt can transmit depends upon its speed, its strength, 
and it-s ability to adhere to the surface of the pulleys. The 
speed is usually assumed to be the same as the surface speed 
of the pulleys. The strength, of course, depends upon the 
width and thickness and upon the nature of the material of 
which the belt is made. The ability to cling to the pulley 
so as to run with little or no slipping depends upon the con- 
dition of the pulley surfaces and of the surface of the belt 
which is in contact with the pulleys and upon the tightness 
with which the belt is stretched over the pulleys. Since 
leather belts are more common and more nearly uniform in 
their character than those of other material, the discussion of 
power will be confined to them. 

67. Unit of Power — Horse-Power. In order to measure 
the power, or the amount of work done, by any force, it is 
necessary to have some standard of measurement. A com- 
mon unit for measuring work done is that known as the 
foot-pound. A foot-pound is the amoimt of work done in 
raising a one-pound weight a distance of one foot, or in 
moving any nmnber of pounds through such a distance that 
the product of the force exerted multiplied by the distance 
moved is equal to one. For example, if a 12-lb. weight is 
lifted one-twelfth of a foot, the work done is 12 Ibs.Xi^ 
ft. = l ft.-pound. If the apparatus furnishing the force to 
raise this weight is such that it can raise it in one minute, 
the apparatus is said to be capable of doing one foot-pound 
of work per minute, or to have a power of one foot-pound 
per minute. 

For measuring large quantities of power a larg::r ujivt 
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is used, known as a horse-power. One horse-power is equal 
to 33,000 ft.-lb. of work per minute. For example, an 
engine which is capable of doing one horse-power work is 
one which can move 1 lb. through a distance of 33,000 ft. 
per minute, or 33,000 lb. 1 ft. per minute, or any niunber of 
pounds through such a distance in a minute that the product 
of the force multipUed by the distance moved in a minute is 
33,000. 

68. Tension in a Belt. Effective Pull. In Fig. 64, sup- 
pose the pulley A is fast to the shaft S and the pulley B fast 




Fig. 54. 



to the shaft Si. Let it be assumed that when the shafts 
are at rest a belt 1 in. wide is stretched over the pulleys as 
shown, the tightness with which it is stretched being such 
that there is a tension or pull in the belt of a definite number 
of pounds. This tension is practically the same at all places 
in the belt and is called the initial tension. Let this initial 
tension be represented by the letter To, Suppose, now, that 
shaft S is caused to turn in the direction of the arrow by some 
external force. As it begins to turn the lower part of the 
belt, say from m to n, will become tighter, that is, will have 
a tension greater than To lb. and the upper part will tend to 
slacken, or have a tension less than To lb. Let this new 
tension in the lower or tight side be represented by Ti and 
that in the upper or slack side by 72. If the belt sticks to 
the pulley B so that there is no slipping, the force Ti tends 
to cause the pulley B to turn as shown by the full arrow and 
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the force T2 tends to cause B to turn as shown by the dotted 
arrow. As soon as Ti becomes enough greater than T2 to 
overcome whatever resistance the shaft Si offers to turning, 
the pulley B will begin to turn in the direction of the full 
arrow. 

The unbalanced force, then, which makes the driven pul- 
ley B turn is the difference between the tension Ti on the 
tight side of the belt and the tension T2 on the slacker side 
of the belt. This difference in tensions is called the effective 
pull of the belt and is here represented by the letter E, 

From the above discussion it may be seen that the fol- 
lowing equation holds true: 

Ti-T2=E (21) 

69. To Find the Horse-power of a Belt. Since, as ex- 
plained in the previous paragraph, the effective pull is the 
force in the belt which enables it to do work, it follows that 
the product of the effective pull multiplied by the speed of the 
belt in feet per minute will give the foot-pounds of work per 
minute that the belt performs ^ and this divided by 33,000 urill 
give the horse-power which the belt transmits. If N is the 
r.p.m. of S and D the diameter of pulley A (in feet) the fol- 
lowing equation expresses the horse-power of the belt. 

Belt speed in ft. per minute X^ tt p ftyo\ 

33,000 " ^^' ' • ^^^ 

• lDNX{TVzT2)_r.p ,oQ^ 

33,000 " • • • ^^^'^ 

It is evident from the above that for a given belt speed 
the greater difference there is between Ti and T2 the more 
horse-power the belt transmits. Experience has shown that 
Ti should not be more than 2IXT2, to avoid slipping and 
that the greatest value of Ti which it is wise to count on is 
about 75 lb. per inch of width for single belt and 150 lb. per 
inch of width for a double belt to avoid overstraining the belt. 
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From these figures, 

Maximum Ti per inch of width = 75 lb. for single belt, 

and 150 lb. for double belt, (24) " 

and 

Maximum Ti=^T2. . . - (25) 

7^2 = 32 lb. (nearly) for single belt and 64 lb. for 
double belt. 

Maximum Ti-T2 = 75- 32 or 43 lb. for a single belt. (26) 

Maxunum Ti-r2=150-64 = 86 lb. for a double belt. (27) 

That is, the greatest effective pull per inch of width for a 
single belt is about 43 lb. and for a double belt 86 lb. These 
values multiplied by the width of any given belt in inches 
will give the maximum effective pull for that belt. 
Substituting these values in Eq. (22), 

Belt speed in ft.p.m.,X 43xiwidth of belt in inches _„ „ 
33,000 ^ ■ 

a single belt will transmit. . (28) 

Belt speed in ft.p.m.X 86 X width of belt in in ches _ tt p 
33,000 -n.f. 

a double belt will transmit. . (29) 

In the case of belts ruiming at high speed — say 2500 ft. per 
minute or more — the centrifugal force on the belt puts in an 
added tension and should be allowed for if the power of the 
belt is calculated by the above rule. 

A simple and somewhat more conservative rule for cal- 
culating the power that a given belt will transmit is known 
as the millwiights' rule and has been determined largely by 
practical experience. This rule is as follows: 

A single belt traveling 1000 ft. per minvie will tran^nU 
1 H.P. per inch of width and a dovble belt traveling 560 ft. 
per minute iv II transmit 1 H.P. From this rule, 
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» Belt speed in ft. per minute X width of belt in inches _ tt p 

1000 ~ 

a single belt will transmit. . . (30) 

Belt speed in ft. per minute X width of belt in inches -pr p 

560 -M.i:'. 

a double belt will transmit. (31) 

The above rules enable us to calculate the power which a 
known belt running at a known speed can safely be depended 
upon to transmit, or they enable us to calciilate how wide a 
belt is necessary to transmit a given horse-power if the speed 
is known. 

Example 8. A shaft carrying a 48-in. pulley runs at a speed of 
180 r.p.m. An 8-in. double belt runs over the pulley and drives 
anoth^ shaft. To find the power that the belt can be expected to 
transmit without excessive strain. 

Solution 1. Using formula (29), 

Belt speed in feet = — X 180 =2262 ft. per minute. 

Then 

2262X86X8 



33,000 



=47 H.P. (nearly). 



Solution 2. Using formula (30), 

Belt speed as in solution 1 =2262, 

2262X8 ,„„„ 
— — — =32 H.P. 
560 

It will be noticed that the two solutions given above give 
widely different answers, that from the millwrights' rule 
being nearly 33 per cent less than the other. This per- 
centage difference would not be as great for higher speeds. 
Any such solution for a belt must be approximate, and 
merely furnishes a means of estimating the horse-power 
roughly. There is no doubt that the above belt, if in proper 
condition, would carry much more than even the 47 H.P., 
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but the heavier the belt is loaded the more attention it will 
require and the shorter will be the life of the belt. 

Example 9. A shaft running 200 r.p.m. is driven by a single belt 
on a 24-in. pulley. 15 H.P. is required. To find a suitable width of 
belt to use. 

Solutixm 1. Using formula (28), 

ir24 

Belt speed =-—X200 = 1257 ft. per minute. 

Then, 

1257 X43X width 

33,000 "■ ' 

15X33,000 
width =—--— — nr=*9 "I- nearly. 
1257X43 



SoliUion 2. Using formula (30), 

1257 X width 
1000 



= 15, 



.,,, 15,000 ^^. , 

/. width = z-=12 m. nearly. 

1257 

Here again the millwrights' rule shows a wider belt necessary for a 
given horse-power. 

Example 10. Two shafts A and B are to be connected by a 12-in. 
double belt carrying 72 H.P. A is the driving shaft, B is to run 180 
r.p.m. To find the size of the pulleys on A and B. 

First find the necessary belt speed using Eq. (31). 

Belt speed X 12 ^ 

^65 '^' 

72X560 

.*. Belt speed = = 3360 it. per minute. 

12 

Since B is to turn 180 r.p.m., if x = the diameter of the pulley on B then 

7rXa:180 = 3360 

or 

3360 
X = — r =5,94 ft. =71.28 in. 
180t 
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or, since pulleys of that size would not be made in fractional inches a 
72-in. pulley would be used. 

Pulley on i4 180 

= — =54 m. 

PuUey on B 240 

70. Formulas for Calculating the Length of Belts. In 
finding the length of belt required for a known pair of 
pulleys at a known distance apart, the most satisfactory 
method, when possible, is to stretch a steel tape over the 
actual pulleys after they are in position. Often, however, 
it is necessary to find the belt length from the drawings 
before the pulleys are in place or when, for some other reason, 
it is not convenient actually to measure the length. Various 
formulas have been devised by which the length may be 
calculated when the pulley diameters and distance between 
centers of the shafts are known. These formulas, if exact, 
are all more or less complex and are, of course, different for 
crossed and for open belts. If the distance between shafts 
is large, the following will give an approximate value for 
the length of the belt. 

Length of belt =^ 1.57 X sum of diameters of pulleys+twice 

the distance between centers, . . (32) 

or, expressing the same in terms of the letters shown in Fig. 
55, letting L represent the belt length, 

L = 1.57(D+d)+2C (33) 

D, d, and C, must be expressed in Uke linear units, if in feet, 
the resulting value of L will be in feet; if in inches the value 
of L will be in inches. 

In the case of an open belt where the two pulleys are of 
the same diameter the above formula gives an exact answer. 
If the pulleys are not of the same diameter, the length of belt 
obtained by Eq. (32) will be less than the correct length. 
If the shafts are several feet apart and the difference in 
diameters of the pulleys is not great, the percentage error is 
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very small for an open belt. With a crossed belt, pulleys 
of medium size, and the shafts several feet apart, the error 
from the use of Eq. (33) is very sUghtly less than the real 
length. . These equations are accurate enough to use in 
estimating the length of belt. 

The following equations, which are given in this place 
without proof, may be used to calculate the belt length very 
close to the exact value. Their principal use is for deriving 
equations for calculating stepped pulleys, as will be seen 
later. 

Open Belt, Referring to Fig. 55, and letting L represent 
the belt length, 



L = 1.57{D+d)+2C- 



4C 



(34) 




Fig. 55. 



Fig. 56. 



Crossed Belt, Referring to Fig. 56, 
L=1.57(D+d)+(.017 sin-i^^t^^Vz)+d) 

+ \/4C2-(Z)+rf)2, .... (35) 

in which the term (sin~^ ^^ 1 means the number of degrees 

D+d 
in the angle whose sine is ^ . 

Example 11. An open belt connects a 48-in. pulley with a 24-in. 
pulley. Distance between centers of the pulleys 6 ft. To find belt 
length. Use Eq. (34). First express the pulley diameters in feet 
namely, 4 ft. and 2 ft. 
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Then 
L = 1.57(4+2)+2X6+^^^'=9.42+12+-j = 21.58ft.=21ft.7in. 

Example 12. To find the lengths of a crossed belt to run over the 

same pulleys described in Example 11, using Eq. (35). First look up in 

4 +.2 
a table of trigonometric functions the angle whose sine is - — - or }. 

This is found to be 30**. 

Then, 

L = 1.57X(4+2)+.017X30X6+V4X62-22=9.42+3.06+Vl40 
. =9.42-1-3.06-1-11.83=24.31 ft. =24 ft. 4 in. 

71. Stepped Pulleys. Sometimes it is necessary to have 
such a belt connection between two shafts that the speed of 
the driven shaft may be changed readily while the speed of 
the driving shaft remains constant. One method of accom- 
plishing this is the use of a pair of pulleys each of which has 
several diameters as shown in Fig. 57. Such pulleys are 
known as stepped pulleys. Suppose that the shaft S, Fig. 57, 
is the driver, making N r.p.m. When the belt is in the 
position shown in full lines, the working diameter of the 
pulley A is Di and the working diameter of pulley B is di. 
Then if ni represents the r.p.m of Si, when the belt is in 

this place we have T?=-p- (See § 62.) 

If the belt is shifted to any other position, as that shown 
by dotted lines, Dx becomes the working diameter of the 
driving pulley and dx of the driven pulley. If Ux represents 
the speed of S, for this belt position we have as before 

F=& • • • (36) 

Therefore, by properly proportioning the diameters of the 
different pairs of steps it is possible to get any desired series 
of speeds for the driven shaft. 

In designing such a pair of pulleys two things must be 
taken into account. First, the ratio of the diameters of the 
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successive pairs of steps must be such as to give the desired 
apeed ratios. Second, the sum of the diameters of any pair 
of steps must be such as to maintain the proper tightness 




FiQ. 57. 



of the belt for all positions. This second consideration 
makes the problem of design considerably more complicated. 
Two cases arise: First, the design of the pulleys for a 
crossed belt and second, the design for an open belt. 
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72. Stepped Pulleys for Crossed Belt. Assuming that 
the values of Di, N, ni, n^, and C are known for the drive 
shown in Fig. 57, and assuming that the belt is crossed, 
instead of open as there shown, let it be required to find a 
method for calculating Dx and dx. 

First find di, which is readily done from the equation 

N di' 

in which di is the only unknown quantity. Knowing, then, 
Di and di the value of Di+di is known. 

From Eq. (35) the length of the belt to go over the steps 
Di and di is 

1.57(Di+di)+.017sin-i^~t^'(2)i+di)+\/4C2-(Z)i+rfi)2. 

When the belt is on the steps whose diameters are Dx and 
dxy the equation for the length of belt is 

1.57(Dx+dx)+.017sin-i^^t^(Z)^+(^x)+V4C2-(D;,+rf^)2. 

Since the same belt is to be used on both pairs of steps, the 
value of these two equations must be the same. 
Therefore, 

1.57(D,+d,)+(.017 sin-i^^") iDx+dx)W^C^- iPx+dxf 

= 1.57(Di+di) + (.017 sin-i^^)(Di+di) 

+ V4C2-(Di+di)2. 

An inspection of the above expression will show that if 
{Dx+dx) is equal to (Di+di) the two sides of the equation 
will be equal. That is, 

Dx+dx = Di+di (37) 

Therefore in designing a pair of stepped pulleys for a 
crossed belt the sum of the diameters of all pairs of steps must be 
the same. 
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Then from Eq. (36), 

N dx' 
and Eq. (37), 

D^+d^ = Di+di, D, and d„ 

may be found by the method of simultaneous equations. 

Example 13. To find the diameters of aH the steps in the pulleys 
shown in Fig. SS if a. crossed belt is to be Used. 



■ -- 


V 





t^ 



mi 



First, find di from the equation - 



Therefore, 

From Eq. (37) 



^ 10X120 

192 



--10 in 



A+di = 16+10 = 26in. 

D»+d'=Z>,+di=26in. 
and 

D, 160 
dj'^lZO' 
or 

Substituting this value of D; in the preceding equation, 

or 



whence 

and 

Again, 

and 



or 
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^ 26X3 
02=~y— = lliin., 

2)2=26-ll| = 14f. 
D3+d3=26in., 

dt " 120' 
.% Ida +^8= 26, 



or 

whence 

and 



1^3=26 in., 
d3 = 15|^in., 
D8=26-15f=:10f in. 

73. Stepped Pulleys for Open Belt. Referring to Fig. 
57 again assume Di, N, ni, Ux and C to be known and let the 
belt be open; to find a method for calculating Dx and dx* 

First find di as in § 71, from the equation -^ = -^. 

The length of the belt when on the first pair of steps is given 
by the expression in Eq. (34). 

1.57(Di+di)+2C+-^^^^^^ 

When the belt is shifted to the steps whose diameters are Dg 
and dxf the expression for the length is 

(Dx-dx)^ 



h57iDx+dx)+2C+ 



4C 



Therefore, 

1.57(Dx+dx)+2C+^^^^^^ 

(Z>i-di)2 



= 1.57(Di+di)+2C- 



4C 
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Solving this equation for the quantity 



6.28C 



{I>,+rfr) = (i)i+rfi)+- 
This equation with the equation 

N~ d,' 
mi^t be solved by the method of simultaneous equations 
to find the values of Dx and d^. This method is rather long, 
however, and it is customary to find values for Di and dt 
by the method given for a crossed belt. Then from these 
values find a value for Dj— dj and assume that the value is 
near enough to the correct value to substitute in Eq, (38) 
to get the value of (I>i— di)^. Eq. (38) then becomes 

simple and may be solved simultaneously with -^='-f to 

find values of Z>i and dx which are-practically correct. 

U. To find the diameters of all the steps in tite pulleys 
59, if on open belt is to be used. 



S: 



fTl 



HI 



First find di from the equation 



WM 18 
150 ~di' 
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whence 

^ 150X18 ^ . 

di = =3 in. 

900 

Therefore, 

Di+di = lS in.H-3 in. =21 in. 

To solve for /)» and (kj Dz+ck must first be found from Eq. (38), 
using the approximation explained in connection with that equation 
^hat is, first find a value for A and d2 assuming that 

D2+(i2=AH-di=21in. 

Call these values D'2 and d'2 



or 

whence 

Therefore, 

or 

and 

Then 

and 



N d\ 

450 D^ 
150"" dV 

Z)'2=3d'2. 

3d',+(r2=21 in., 

d'2=5.25, 

D'2 =21 -5.25 = 15.75 in. 

D'2 -d'2 = 15.75 -5.25 = 10.50, 

(D'2-d'2)* = (10.5)2 = 110.25. 



Assuming that this value is nearly enough correct to use in place of 
(Dx—dx) Eq. (38), we have, 

r. , . «. . 225-110.25 
6.28X24 

= 21+ .76 = 21 .76 in. nearly. 

Then from this equation A f c^ = 21 .76, 

and 

D2 450 

d2"l50' 
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or 



Therefore, 
and 



D2=3dt, 
3(^2+^2=21.76. 

d2=5.44, 

Di = 16.32 in. 



In a similar manner assume Dt+di =21 and solve for approximate 
values I/z and d'z getting D's=7 in. and d'j = 14 in. 

Whence 
Then 



Therefore 
and 



di 150 ^* 
Z>, = 7.39 
da = 14.78 in. 



74. Corrections Necessary. The proportion chosen in 
the data for Example 14 gives an extreme case, and it will be 
noticed that even here the amount that ©2+^2 varies from 
Di+di is only about f in. and the variation of Ds+ds is a 
trifle less than li^ in. These quantities are large enough 
to aflfect the tightness of the belt and must, therefore, be 
taken into account. In ordinary cases, however, where the 
distance between centers is much larger than in Example 14 
and where the speed ratios are not so great the value of 
Dx+dx, as obtained from Eq. (38) by the method just 
illustrated differs but very little from Di+di and this dif- 
ference can usually be neglected. 

76. Equal Stepped Pulleys. It is common practice, when 
convenient, to design a pair of stepped pulleys in such a way 
that both pulleys have the same dimensions and can, there- 
fore, bo cast from the same pattern. This condition imposes 
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certain restrictions on the speed ratios as may be seen from 
the following: 

Referring to Fig. 60, if the pulleys are alike, 






I' 



n,,nt,n3,ii,,Ucr«-P-H- 
Fio. 60. 

Di = d6, D2=di, Dz = d3, D*=d2,D6=di. 
As in previous discussions 

N di' 
and 

n5_Z)6 

N~d5' . 
but 

Ds__rfi 

ds Di' 
Therefore, 

^ = ^ f391 

N n^ ^"^^^ 

In a similar manner, 

1-^ (40) 

iV 714 

and 

N = n3 (41) 

That is: When equal stuped pulleys are used the speeds of Ike 
driven shaft nmsl be so chosen that the speed of the driving 
shaft is a mean proportional between the speeds of the driven 
shaft for belt positions symmetrically either side of the middle 
step (42) 
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Enn^e 16. A pair of equal three-stepped pulleys, Fig. 61, are 
to ooimect two shafts. The driving shaft makes 120 r.p.m.y and the 



Di n 



N'-m 



rfi 



«i L 



«a 



d. 



Ha=» 



Fig. 61, 



lowest speed of the driven shaft is 60 r.pjn. To find the other two 
qieeds of the driven shaft. 
By formula (42), 



or 



ni 


_N 
~ » 


Hi 


120 


120 


"60 



«i=240. 



«,= .V=120. 



If the step diameters are to be calculated, it will be done by the methods 
csplained in §72 or §73 according as the belt is crossed or apcn. 



76. ^eed Cooes. In some cases instead of stepped 
puDe\-s, puDej-s which are approximately fnista of cones 
are used, as shown in Fig, 62. Heit* the ^x^rking diameters 
c( the pulle\-s, as Dg and rf, for any belt posit ion, are measiinxl 
at the middle of the belt. To design such a pair of pullej-s 
a series erf diameters Du Ih^ Ih^ etc, (Fig, t>3\ may be cal- 
culated in the ssmie way as steps and plotted at equal dis- 
tances [a^ apart, then a smooth line drawn through their 
exnis, as shown. The length (o^ does not aflfect the problem 
except as it makes the cone loi^jer or shorter. For open 
hehs the puDej-s would not be straight lines v^x^ F^r, 04), 
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Fig. 62. 



1^ i^_i^ 1^ r 
I 1 ! I 




Fig. 63. 
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When conea are used, a skipper must guide each part of 
the belt just at the point where it runs on to the pulley 




(see Fig. 62) ; otherwise the belt will tend to climb toward 
the large end of each pulley. Both shippers must be moved 
sinmltaneously when the belt is shifted. 

77. Belt ConnectioDS between Shafts which are not 
Parallel. Non-parallel shafts may be connected by a flat 
belt with satisfactorj- results, provided the pulleys are so 
located as to conform to a fundamental principle which 
governs the runnijig of all belts, namely: The point where 
the pilch line of the bell leaves one puUey must lie in a plane 
which is perpendicular to the aiis of the pulley Unmrd which it 
is running and if produced trill pass through the center oj the 
face of the puUey loteard which it is running. This may be 
seen by a reference to Fig. 65. In this case the shafts S and 
T are intended to turn in the directions indicated by ihe 
arrows. Considering Elevation .4, the pitch line of the belt 
!ea%'es the pulley 3/ at the point a. If the pulley jV is in 
such a position on the shaft T that a plane through the mid- 
dle of its face contains the point a, the belt will run properly 
on to pulley A'. XX is the tiace of this plane and evidently 
contains point a. Similariy, in Elevation B, the pitch line 
of the belt lea^-¥s the pulley A' at fci and .V is so located on 
shaft 5 that a plane YY through the middle of its face con- 
tains b\. In other words, each pulley is in line with the 
delivering face of the other pulley. 
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ELEVATION A 



ELEVATION B 



Fig. 65. 
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ELEVATION A ELEVATION B 

Fig. 66. 
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Fig. 66 shows the proper relative position of the pull^a 

if the direction of turning of sliaft S is the reverse of that 
in Fig. 6.5; Fig. 67 shows the pulleys with the direction of 
shaft T reversed, S turning as in Fig. 65. Fig. 68 shows 
the pulleys with both shafts reversed in direction from Fig. 
65. The various points are lettered to correspond in the 
four figures. 

78. Quaiter-tum Belt. A belt which connects two non- 
intereecting shafts at right angles with each other, similar to 
those in Figs. 65 to 68, is called a quarter-turn helt. Em- 
phasis should be laid on the fact that, for any given setting of 
the pulleys, the shafts must always turn in the direction in 
which they were designed to turn. If the direction of rota- 
tion is changed without resetting the pulleys, the telt will 
immediately leave the pulleys. For this reason simple 
quarter turn belts like those illustrated above are likely to 
give trouble if used in places where there is possibility of the 
shafting turning backwards even a small fraction of a turn. 
If this should happen to a small belt, it could easily be 
replaced on the pulleys; in the case of a large helt, however, 
the replacing would be inorf difficult. 

79. Reversible Direction Belt Connecticn tetween Hon- 
parallel Shafts — Guide Pulleys. If the connection between 
two non-parallel shafts is to be such that the shafting may 
run in either direction and still have the pulleys dehver 
the belt properly, in accordance with the fundamental law 
already explained, it is usually necessary to make use of 
intermediate pulleys to guide the belt into the proper plane. 
Such pulleys are called -jiiide pvUeys. 

80. Examples of Belt Drives — Method of laying Out. 
The following examples will illustrate a few of the types of 
belt drives which may occur and will give some idea of the 
method of procedure in designing such drives. Some of 
these examples are chosen from existing drives, others have 
been modified in order to illustrate the principles more 
clearly. 



1 
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X ELEVATION A 



ELEVATION B 



Fig. 68. 
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-0-r- 



iw^n^ 



T 



Example 16. Two shafts are located as shown in Fi^. 69, 
and turn in directions indicated by arrows. A 30-in. pulley 
on shaft S is to drive a 24-in. pulley 
on shaft T by means of a 6-in. 
double belt. The drive is to be a 
simple quarter turn without guide 
pulleys, and, therefore, capable of 
turning only in one direction. 
Holes 3X10 in. are to be cut in 
the floor in the proper positions fo 
allow the belt to run through them 
centrally. To draw two elevations 
and a plan of the pulleys and belt 
and show the holes in the floor. 
Solution. (See Fig. 70,) First, draw two horizontal 
center lines GGi andKKi at a distance apart equal to the 
distance between the shafts (in this case 10 ft.). At a con- 
venient point on the upper center line choose S for the 
center of the upper shaft and, with S as a centePj draw a circle 
whose diameter is equal to the diameter of the pulley on S 
(30 in.). Put on the arrow to indicate the direction of 
rotation. Tangent to this circle on the side which is moving 
downward draw a vertical hne XiX. With XiX and KKi 
as center lines draw the rectangle 1-2-3-4, whose length is 
equal to the diameter of the pulley on T and whose width is 
equal to the width of face of this pulley. At any convenient 
place on KKi, to the right, select the point T for the center 
of the end view of the lower shaft and with T as a center 
draw the circle whose diameter is equal to the diameter of 
the lower pulley, putting on the arrow to indicate the direc- 
tion of rotation. Tangent to this circle on the side which 
is moving upward draw the vertical line YY\ and with YYi 
and GGi as center lines draw the rectangle 5-6-7-8 which 
forms the side view or right elevation of the upper pulley. 
We now have the two elevations of the pulleys properly 
placed to turn in the required directions in conformity to the 
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law stated in § 77. The plan may be above either elevation 
and is drawn by projecting up from the two elevations 




according to the ordinary rules of projection, the process 
being suggested in the drawing by the dotted projection lines 
and arcs. The true projections of the edges of the belt 
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would be lines sightly ciir\'ed, but they are ordinarily rep- 
resented by straight lines. 

To find the position of the belt holes, project from the 
elevations to find the position of the points where the pitch 
line of the belt pierces the plane of the floor. These points 
are V and W and are the center points of the belt holes. 
Since the belt twists through an angle of £0° in a dist-ance oF 
10 ft. it will twist through a proportionate amount in passing 
from the pulley to the floor. Considering first the part of 
the belt which is rao\'ing downward, the following would be 
the equation for the angle which the hole at V makes with 
the upper shaft: 

Angle with upper shaft?'— 6 ' 
90° HF* 

Therefore the angle with the upper shaft is 68° about, or 22" 
with lower shaft. Then, through V draw a line at 22" 
I with the axis of the 

—l-kt. lower shaft and on 

• i this as a center line 

construct a rect- 
angle 3X10 in., 
which is the plan 
view of the hole. 
The other hole is 
found in the same 
way. 

Example 17, 

^B Given two shafts A 

~'~ and B located as 

HT ELEVATON showu Itt Fig. 71. 

FiG. 71. Shaft A, carrying a 

52-in. pulley, is to 

drive a 60-in, pulley on shaft B by means of a 12-iii, double 

belt. Two guide pulleys 30 in. diameter in line with each 

other are to be located on two horizontal' shafts so that the 



\ 



4 



FRONT ELEVATION 
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direction of rotation may be reversed without the belt 
running off. When turning in the direction indicated by the 
arrows, the tight aide of the belt is to run direct from the 
driven to the driving pulley in a vertical line, the loose side 
returning around the guide pulleys. The suidc pulley which 
receives the belt from the upper main pulley is to be on a 
shaft whose center is 9 ft. below the center of A ; the other 
guide pulley is to be on a shaft whose center is 2 ft. 6 in. 
below the center of A. Main pulleys 14 in, face, guide 
pulleys 12-in. face. 

To draw two elevations and a plan. 

SoliUion. Referring to Fig. 72, first draw the center Une 
YYi which is the center line through the shaft B. At 
a distance of 14 ft. above YYi draw XXi as the center line 
of shaft A. At any convenient place near the left end of 
YYi choose the point Bi. as the center point of shaft S for 
the left elevation. With Bi, as a center draw a circle 60-in. 
diameter which will be the left elevation of the pulley on B. 
Next, draw the vertical line TTi tangent to this pulley on 
the side which is moving upward. TTi is the pitch line of 
the tight part of the belt and must be contained in the center 
plane of the pulley on A. With TTi and XXi as center 
lines, draw the rectangle 1-2-3-4 of length equal to the 
diameter of the pulley on A and width equal to the width of 
face of the same pulley. This rectangle is the side view or 
left elevation of the upper or driving pulley. Next, choose a 
point Ap near the right end of XXi and draw the end view 
or right elevation of this pulley. The vertical line Ti^Tp 
drawn tangent to the upward moving or driving side of this 
pulley will be the right elevation of the driving or tight part 
of the belt and must be contained in the center plane of the 
driven pulley, since the direction of rotation is to be reversible. 
Therefore, the lines TipTp and YYi are the center lines for 
the rectangle 5-6-7-8 which is the right elevation of the 
driven pulley, TTi and TpT\p are the two views of the line 
of intersection of the center planes of the pulleys. 
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We have now determined the position of the two main 
pulleys with respect to each other and have drawn the two 




elevations; their place must next be drawn. This may be 
placed above either elevation, and is here placed above the 
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left elevation. Looking down on the pulleys, both will 
appear as rectangles. The center line X/JCu may be drawn 
at any convenient distance above XXi and is the horizontal 
projection, or plan view, of the center line of the shaft A. 
The pulley on this center line can be projected directly up 
Jrom the rectangle 1-2-3— i and will, of course, have the same 
dimensions. The center line MN of the shaft B will be 
vertically above Bi, and the rectangle which forms the plan 
view of the pulley on B will be located on this center line 
with its middle line passing through the front end of the plan 
of the other pulley. In other words, the plan view of 
these two pulleys ^ obtained by projecting from the two 
elevations in accordance with the ordinary principles of 
projections. 

To draw the guide pulleys, first locate them in the plan. 
Their center plane will contain the line VW and one will have 
its contour passing through point V in plan while the con- 
tour of the other will pass through W. To draw the eleva- 
tions, first draw the center fines at the specified distances 
below shaft A and then draw the 
ellipses which represent' the pul- 
leys by projecting from the plan. 

Example 18. Shaft S (Fig. 
73) drives shaft T by means of 
an 8-in. double belt. Both main 
pulleys 36-in. diameter located 
as shown. The usual direction 
of rotation to be as indicated by 
the arrows but the arrangement 
to be such that the directions 
may be reversed. Two 15-in. Fig. 73. 

guide pulleys are to be placed on 

a vertical shaft to carry the belt between the two main pul- 
leys. All pulleys 9-in. face. 

To draw the drive, making the elevations and a plan. 

Solution. (See Fig. 74.) Draw the three views of the 
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'\ I**: |#/Mil ion of IIm* j<iii(le pulley shaft can best be deter- 
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mined from the plan. The planes of the pulleys A and B 
intersect in a line which, in plan, is projected as the point F 
and in the two elevations as the lines XY and XiFi, respec- 
tively. Since the upper guide pulley is to deliver the belt to 
pulley B, it must be tangent to the line PM, and since, if 
the direction of rotation is reversed, C must be able to deliver 
the belt to pulley A it must be tangent to the line PN (see 
§ 77). The same reasoning will apply to the lower guide 
pulley. The center of the guide pulley shaft will, therefore, 
be at a point which is distant from PM and PN an amount 
equal to the radius of the guide pulleys. Since the pulleys 
A and B are of the same diameter and their axes on the same 
level, the guide pulley C will appear in the elevations with its 
center plane tangent to the tops of A and B and D will have 
its center plane tangent to the bottoms of A and B. With 
this arrangement it is possible for either of the main pulleys 
to dehver the belt into the plane of either guide pulley, and 
either guide pulley may deliver to either main pulley. 

It should be noticed that a drive like this, with both 
guides on the same vertical shaft, can Ije reveraible in direc- 
tion only when the main pulleys arc of the same diameter. 
The next two examples show the constmction when the 
main pulleys are of different diameters. 

Example 19. Referring again to Fig. 73, assume the 
same conditions as for Example 18, except that the main 
pulleys are of different diameters. Suppose the pulley on T 
is 48-in. diameter and that on S 36-in. diameter. The 
direction of rotation not to be capable of being reversed. 

Solution. See Fig. 75, The three views of the main 
shafts and pulleys are drawn as in Example 18. The center 
of the guide pulley shaft is located in the plan at such a 
point that the pulley circumference will be tangent to the 
lines PM and PN as in Fig. 74. The position of the guide 
pulley C on this shaft is determined in the front elevation, it 
being at such a height that its center plane will be tangent 
to the top surface (that is, contain the point of deLLve":^ K\ 
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of the puUey A which deUvers the belt to C. Similarly, in 
the right elevation, the position of the guide pulley D is 




6 



such that its center plane will be tangent to the lower sur- 
face (that is, will contain the point of dehvery R) of the 
pulley B. 
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20. With the data the same as for Example 19, 
suppoM^ it i» required so to arrange the guide pulleys that the 
direction of rotation may bje reversed. iThey cannot in 
this case be on the same vertical shaft.) 

Holtdian. See Fig. 76. After having drawn the three 
viewji of the main shafts and pulleys, the problem becomes 
one of so placing the guide pulleys that they will conduct the 
belt in either direction. There are a great many possible 
srJutions of this problem, but that shown in Fig. 76 is the 
simplest. 

In the front elevation the points a and h are the center 
pr>int49 of the upper and lower contour elements <rf the pul- 
ley B. From a and h draw lines ae and bf tangent to pulley 
A. The center planes of the guide pulley C must contain 
the line ae and the center plane of the guide pulley D must 
contain the line 6/. C will appear in this view, therefore, as a 
ref;t,ang]e with one end passing through a and D will appear 
an a refd^angle with one end passing through b. In the other 
vif!W« the edges of the guide pulleys will appear as ellipses, 
as shown. 

Example 21. The shaft aS, Fig. 77, is to drive the shaft 




LEFT ELEVATION 



FRONT ELEVATION 

Fia. 77. 



T by moans of an 8-in. bolt running on pulleys A and B. 
Ono of tho cohnnns of the building makes it impossible to 
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continue the shaft T far enough to place the pulley B in the 
proper position relative to A to permit the use of a direct 



f*^M 
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. ^ 



quarter-turn drive. Furthermore the vertical distance 
between the two shafts is too small to make such 9. <fc>j^<^ 
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practicable even if the column did not interfere. It is, 
therefore^ necessary to employ guide pulleys to conduct the 
belt f rcmi BtoA and frran A back to B. The relative direc- 
tions of rotation are to be as shown and the guide pulleys 
are to be so located that the directi(»is may be reversed. 
18^. guide pulleys will be used. 

Solution. See Fig. 78. The positions of the guide pul- 
leys are determined fnxn the left elevation. From the 
(senUtr p^iints a and h of the upper and lower contour lines 
of pulk^y A, \m^ ae and bf are drawn tangent to the pulley £. 
TIm? center plane of one guide pulley C must contain the 
line ae and the pulley will appear' in this view as a rectangle 
with one end passing through a. The center plane of the 
other guide pulley D must contain the line bf and the pulley 
will app^^r as a rectangle with one end passing through b. 
Tlie guide pulleys will appear in the front elevation and in 
the plan with their edges ellipses, as shown. The two 
guide pulleys so nearly coincide in the plan that the lower 
one was omitted in the drawing. 

It will be noticed that in all the preceding examples the 
same surface of the belt comes in contact with the main 
pulleys at all times. This is an important condition from a 
practical standpoint. Whenever possible the same surface 
should run against the guide pulleys also. 

Example 22. Given two shafts at right angles, located 
as shown in Fig. 79. Shaft A carries a 52-in. pulley which 
drives a 60-in. pulley on shaft B by means of a double belt 
12 in. wide. The ordinary direction of rotation is as shown 
by the arrows. One guide pulley 30-in. diameter is to be so 
located that the direction of rotation may be reversed with- 
out the bolt running off. When turning in the direction 
shown, the tight side of the belt is to run direct from driven 
to driving pulley in a vertical line, the loose side returning 
around the guide pulley. 

The main pulleys are 14 in. wide and the guide pulley 
12 in. wide. Two elevations and a plan are to be drawn. 



BELTS, ROPES AND CHAINS 



99 



Solution. It will be noticed that, except for the guide 
pulley, this problem is the same as Example 17 and the 
method of drawing the three views of the main pulleys is 
exactly as described for that case. 

To draw the guide pulley proceed as follows: (See Fig. 80.) 
The distance of this guide from either one of the main pulleys 
would be governed somewhat by convenience in actually 
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Fig. 79. 

setting up the bearings to support it, and partly also by the 
relative sizes of the main pulleys. It is desirable so to locate 
it as to give the least possible abruptness to the bend in the 
belt. In this case there has been selected a point C in the 
line of intersection of the two main pulley planes which is 
6 ft. 6 in. below the axis of the upper shaft. This point will 
be at Ch and Cp in the two elevations. From Cl draw a 
line tangent to the lower pulley at Dl and project across, 
getting the other view of this point at Dp. In a similar way 
draw a line from Cp tangent to the upper pulley at Ep and 
project across to find El* We now have the two projections 
of two lines CD and CE drawn from a point in the inter- 
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section of the pulley planes fangent to the two puUej-s, and 
ne guide pulley must be set in sut-h a positioo that its center 
plane will contain these two Unes. The problem then is to 
dmw the projectionB of the guide pulley when so set. Either 
elevation may be drawn first; let us start with the left eleva- 
tion. Here CJ),^ shows in ita true length and the line CD 
tt«elf may )« considered as lying in the plane of the paper. 
1 he line CB has one end Cu in the plane of the paper while 
the line itself really slants down below the pajjer. The 
true size of the an^ which it makes with the plane of the 
paper is equal to the angle EpCpFp. DlCl is the trace, 
or Ime of intersection with the paper, of the plane containing 
CD and CE. 

Now swing this plane up into the paper to get 
the true angle between CD and CE. To do this produce 
DlCl to the .left and through Ei. draw a line perpen- 
dicular to DlCl. From Cl with a radius equal to the 
true length of CE (that is, with radius CpEp) cut this per- 
pendicular at El and join Ei to Cl. The angle EiCJ}i, 
is the true angle between the lines EC and DC. Set the 
compasses with a radius equal to the radius of the guide 
pulley and find by trial the center 0\ about which a circle 
of this radius may be drawn tangent to ClEi and CiDi.. 
This point shows the real position of the center of the middle 
circle of the guide pulley relative to the lines CE and CD. 
The next step is to revolve 0\ back to find its projection 
relative to ClEi. and CiDi,. To do this draw a line through 
£^i and Oi meeting C/.D/. at /fi; then join//] to Bj.. Through 
Oi draw a line perpendicular to DlCl meeting HjEl at Ot 
and ClDl at Jl- Then Ot is the projection of the center 
point of the pulley. To draw the projections of the edges of 
the pulley select any point as J2 in the line ClDl, draw a 
line through Ol parallel to Ct.Di, and from J2 with a radius 
equal to the radius m the guide pulley cut this line at O2. 
Draw a line through J2 aiid.Oa, also a line l''2H"2 through O2 
perpendicular to JzOf. On these two lines as center lines 
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ponirtruct ttip rectangle ni2?i2r2S2 of length equal to the 
ilbimet^r of the guide pulley and width equal to the width of 
face of the Bamc. This rectangle is the side view of the 
guide pulley when revolved up into the plane of the paper, 
the line V2W2 Ixjing the center line of its shaft. The pro- 
jection of the pulley consiatB of two equal ellipses with major 
axes equal to the diameter of the guide pulley and minor 
axes found by projecting the points ?H2n2 and ssra on to the 
line OjJl, as shown. If a definite length F21F2 is chosen for 
the shaft, the projections of the ends of the shaft are found at 
V/. and Wl. The right elevation of the guide pulley and 
the axis of its shaft are found by a method exactly similar to 
that just described. 

The plan view of the guide pulley is found by first find- 
ing the plan projections Vi, and Wn of the two ends of the 
shaft by projecting up from the two elevations, then re- 
volving this line VnWn over until it comes into the plane of 
the paper, as shown at F3W3. On this hne ia drawn th* 
rectangle hx^y-i^a, representing the pulley, and the axes of 
the ellipses which constitute the plan view of the pulley are 
found by projecting the rectangle tsx^ya^s on to VnW/,, as 
shown. 

81. Rope Driving. The transmission of power by means 
of ropes did not come into general use until a comparatively 
few years ago. At the present time, however, ropes have, 
in many instances, taken the place of belts and gears for 
hciivy drives in grain elevators, steel mills, and textile mills. 

The following discussion consists largely of condensed 
extracts from The Blue Book of Rope Transmission, pub- 
lished by the American Manufacturing Company, of Brook- 
lyn, N. Y., and the illustrations are reproduced from that 
publication. 

Some of the advantages claimed for rope drives are aa 
follows : 

1. The Distance and Direction in which Power may be 
Transmitted Is Practically Unlimited. Satisfactory driving 



BELTS, ROPES AND CHAINS 103 

may be done where the distance beween shafts is as great as 
175 ft., without the aid of carrying pulleys, while, with such 
carriers, the distance may be prolonged ahnost indefinitely. 
On the other hand, successful driving can be done with ropes 
where the shafts are close together. There are in operation 
many drives whose sheaves are but 10 ft., or even- less, 
center to center. Where shafts are neither in the same line 
nor plane, by properly placed guide sheaves power may be 
transmitted around corners from one building to another, 
and, in short, between any two shafts in whatever relative 
position they may be placed. 

2. The Amount of Power which may be Transmitted is 
also Practically Unlimited, There are many drives in this 
country which are transmitting from 3000 to 4000 H.P. 
with perfect satisfaction. 

3. Economy in First Cost and Maintenance. In drives of 
200 H.P. and up, and where the shafts are more than 30 ft. 
center to center, the cost as compared with belts will vary 
from 15 to 50 per cent in favor of ropes, according to the 
distance and size of drive. This advantage increases rapidly 
as the distance apart of shafts and amount of power trans- 
mitted increase. 

The small cost of maintenance of a rope drive is a strong 
point in its favor. The average life of rope on a properly 
designed drive is from eight to ten years. 

4. Economy of Space, The width of rim surface required 
in rope drives is only from one-half to two-thirds that 
required for belting, varying with the size of rope used. It 
follows, therefore, that the supporting bearings may be 
placed nearer together for a rope than for a belt drive. 

5. Positive and Steady Running. The elasticity of the 
rope, its light weight, and slackness between pulleys take 
up inequalities in power and load. 

6. Rope Drives are Noiseless. This fact is due to the 
flexibility and lubrication of the rope, and the air passage in 
the groove, between it and the sheaves. 
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7. .Vl» EUictncal D^'-itJirbtznce ii Ptoduced. This is an 
afadv^kiitagie ptiLrticuLirly acted in textile zniQs. wfaoe soch 
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ing ^uppceed to be parallel haf^. for one reason or aziotfaer,. 
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nounced, the rope will roilow ±e cooves oc the sheave, even 
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the groo\es of the pullejs This ajstem is especi^llj adapted 
to the transmission of Urge powers, and gives the \er\ bett 
results for dri\es protected from the weather, where the 
shafts are parallel or \erj nearly so With this sjstem the 
drive has the utmost security igainst breakdowns because 
of the extieme unhkelihood of m()rp than one rope giving 




Fig, si. 



way at the same time. When a failure does occur, the indi- 
vidual rope may be removed and repaired at some con- 
venient opport.unity, the delay from such failure being 
sUght, if any. Further, power may be more easily carried 
to the different floors of a null; the amount of power trans- 
mitted may be more readily increased by the addition of 
new ropes; the rope always bending in the same direction 
has a longer lease of life than the Continuous System; and 
finally, it is cheai>er to install. 

In the Continuous System (Figs, 82 and 83) one rope is 
wound around the driving and driven sheaves several times. 
With this system it is necessary Ijy some device to conduct 
the rope from an outside groove of the delivering, to the op- 
posite outside groove of the receiving pulley, this transfer 
being accomplished by means of a traveling tension car- 
riage whose office is to produce a unifonn tension throughout 
the rope, and is so arranged as to travel back and forth, 
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automatically regulating the alack which may occur from I 
etretch in rope, inequaHties of load, etc. 

The principle involved in the care of tension is important,, ] 





and when instalhng continuous drives every precaution 
must be taken that it is not violated. The slack skoutd be 
taken care of where it acoimulaies, which ia on the alack side 
of drive juat off the driving sheave. There are two general 
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ways of accomplishing this: In the first of these, the rope is 
conducted from an outside groove of the driver to the ten- 
sion sheave, and after passing around it, is returned to the 
opposite outside groove of the driven sheave. (Fig. 82.) 

Secondly, where it is inconvenient to take slack directly 
from the driver, the same result may be obtained by taking 
it from the drive;i, the rope being led from an outside groove 
— ^which is a loose or independent sheave — to the tension 
sheave, and thence returned to the opposite outside groove 




Loose 



Fig. 83. 



of the driven sheave. (Fig. 83.) This variety is known as 
a self-contained drive. These two methods admit of almost 
unlimited variations. Figs. 84, 85 and 86 show further 
examples. 

The Continuous System is ' the more versatile. It is 
especially adapted to vertical and quarter-turn drives, where 
shafts are at an angle to each other, where rope is exposed to 
the weather, and in any special case of complicated trans- 
mission. 

It is often erroneously .claimed that ropes of the same 
diameter will exert more horse-power with the Continuous 
than with the Multiple System. This idea has probably 
arisen from the fact that makers of the Continuous System, 
as a general rule, require their ropes to do more work than 
is the custom with designers of the Multiple System. As a 
rope will do just so much work in a given time, the prac- 
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tice of increasing the horse-power by adding to the tension 

weights is a bad one, for, while it may increase the adhesive' 





Fia. 84. Fia. 85. 

power, the extra strain put upon the rope necessarily shortens" 
its life. 

There is no definite rule which can govern the amount of 
tension weight necessary, as it varies witii length of rope, 
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diameter of sheaves, amount of work, etc., but to secure 
best results and longest life of rope this weight should be just 
sufficient to give absolute security against 
any tendency on the part of the rope to 
slip. 

83. Rope Sheaves and Grooves. In 
rope drives the pulleys, or sheaves, are sec- 
ond in importance only to the rope itself. 
The two prominent factors ui the eon'^truc- 
tion of the rope sheave are tht, rektive pro- 
portion of its diameter to the diameter of 
rope used and the shape and finish of y 

groove Transmission ropes wear first m- ft 
ternalU the inner yarns becommg dism- '1 

tegrated by the fnction cau'ied from con- i 

stant and rapid bending around sheaves 
To limit this disintegration as far at, pos 
sible the diameter of the sheave should be \ 
made as lai^e as practicable experience 
has shown that for economical results a 
rope should not be mide to bend about a 
sheave whose diametei is less than thirty-six 
times that of the rope, and uhere space and 
speed of shaft will permit, forty diameters 
should be used as the minimum. The use of 
large sheaves not only adds to the life of a 
rope, but the larger surface of contact 
gained increases its working power. Fio. SO, 

An imlimited variety of grooves have 
been tried, with more or less success, from which two gen- 
eral designs have evolved themselves, one for the Continu- 
ous and one for the Multiple System, though in their 
essential feature, Llv, angle of groove, they are similar. 
All driving anti driven sheaves should be turned with a 
wedge or V-shaped groove of such size and depth that the 
tope used can never touch the bottom. Experience has 
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Khown that, for general work, the best results are obtained 
with an an|^ of 45'. 

Except in imuinial cases an an^ sharper than 45° is 
not adviflohle, while experienee has proved that the flatttf 
anf^, SO or GO", permits the rope to dip aU^tly whrai sub- 
jccUtd to vatying' loads or to an overstrain. 

For idktr or carrier sheaves either the V- ch- U-shaped 
grooves may be employed. ^Vhere the drive runs out&ide 
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and the ropo is exposed to the wind, the deep U groove 
should Im UHcd. 

Ah in the Continuous System the rope is kept taut, it 
is not 80 apt to jump from the groove which, consequently, 
can lio niado more simllow tlian for the Multiple System; 
in fac^t, many drives are now running where the rope extends 
U'yond the llangt^ of the grooves. 

Vififi. 87 anil 88 iIlustrHt« the form of working and idle 
grooves generally adopted for the Continuous System. 
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¥ig. 89 ahow8-cr08s sections of working grooves fpr dif- 
ferent diameter ropes as used for the Multiple System, and 
frequently for the Continuous. This form is styled Engi- 
neers' Standard Groove. It will be noted in Fig. 89 that the 
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sides of groove at the pitch diameter are straight, while 
those of F^. 90 are gently curved throughout, beiBg arcs of 
circles, having radii proportioned to the diameter of the rope 
used. The sides are thus curved to assure the rope revolving 
in the groove, a condition sought by the practical mill man, 
as it causes uniform wear, thereby adding t« the life of the 
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ropp. In the Continuous Systci 
construction, tlic rope i 



., owing to the nature of its 
revolves in tlic groove. 



r\ ^"fv. 




Fig. 00. 

Fig. 91 is the usual form of groove adopted for idlers 
and carriers with the Multiple System. It differs from Fig. 
88 only in that the groove is deeper, and the flanges, conse- 
quently, higher. 

84. Data on Manila Transmission Rope. Table 3 fur- 
nishes ronvenient iiiformatiou concerning Manila rope. 

TABLE UL— DATA ON MANILA TRANSMLSSION ROPE 
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86. Power of Manila Rope Drives. The following table 
shows approximately the power that single Manila ropes 
will transmit under average conditions. 
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86. Size and Speed of Ropes. When designing a drive, 
it ia well first to ascertain the largest sheave which may 
be used advantageously, and then adopt for the drive the 
largest rope possible, or, in other words, the rope whose diam- 
eter does not exceed one-fortieth of the diameter of the 
smallest sheave. For ordinary cases, however, it is not 
advantageous to use a rope lai^r than If in. in diameter; 
the 2-in. diameter rope and over should be used only in 
transmissions of great magnitude. 

The moat economical speed for a rope has been found 
from general practice to 1m; from 40CM) to 4500 ft. per minutfi, 
for, while th(; amount of work of which a rope is capable 
increases with the velocity, up to the rate of about 5201) ft. 
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per minnte. it is equaDy true that the wear also increases 
directly with the speed, because the greater the Telocity^ 
the mofe boidiiig and surface wear the rc^ie must sustain. 

87. Cottm Ropes. Cottcm ropes are advantagieou^ 
used as bands ex* cords on the analler machine appliances; the 
fiber bdng softer and more flexible than ^lanila hemp, gives 
good results for anall sheaves. For large drives^ where power 
trananitted is in consderable amounts, cotton rc^ie, as ocoi- 
paired with Manila, is hardhr to be considered, on account of 
the following disadvantaio^: It is less duniUe: it is injmi- 
00^ affected by the weather, so that for exposed drives, 
paper-mill wwk. or use in water-wheel fxts. it is ahecdut^ 
uresatirfactogy; it is difficult, if not impoesiMe, to sfl^ce 
unifonnly; even the best quality cotton rc^ie is much 
inferifK* to Manila in strength, the tweaking strain of the 
hi^iest grade being but 4000Xdiameta^ as again^ 7000 
Xdiameto^ for Manila: while, for the trananisaon of equal 
powms. the cost of a cotton rope varies from oie-third to 
one^ialf mofe than Manila. 

88w li^re Ropes. Wire rc^ie is well adapted for the trans- 
misacm of large powers to great distances;, as for instance in 
caUe and inclined railways. Its rigidness. great wei^t. and 
rapid destruction due to bending, however, unfit it for use in 
mill service, where the aveiage speed of rc^ie is about 4000 
ft. per minute. As the eaaest way to break wire ks by bend- 
ing it. ropes made of it. by any method whatsoever, have 
proved unsati^iact<xy for drives of short centers and high 
veiocirv. 

80. Clym Driving. The transzois^on of pownr by means 
of specially constructed chains runnimr over suitaUy f c«med 
wheels or spiockets has many advantages over belt or rope 
driven under certain conditions. WlM'n the shafts which are 
to be connoted are so near togiLMher that a belt cannot be 
tised to ad\~:uitage and yet too far apart to coiiiHvt by gears, 
the chain funJthe? a veiy satisfactoiy iiK^ns irf connection. 
FurthefUKiTE-. sinoe the sprocket has teeth fitting into the 
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corresponding spaces in the chain, there can be no slipping 
and the connection is, therefore, as positive as if geared. No 
initial tension is required, tliat is, when the wheels are at 
rest there is no tension in the chain except that due to the 
weight of the chain itself. When running, the only tension 
(neglecting centrifugal force) is that due to the power which 
is being transmittec^. This makes the pressure on the 
bearings less and there is, therefore, less wear and less fric- 
tion loss. Since the effective pull is equal to the tension on 
the tight or driving side minus the tension on the slack side, 
and since the tension on the slack side is zero, the effective 
pull may be equal to the allowable working strength of the 
chain,^whereas with a belt the effective pull can only be 
equal to the working strength of the belt minus the tension 
on the slack side necessary to prevent slipping. 

One usually thinks of chain drives as being confined to 
low speeds. Chains, however, have stood up well when 
running at a linear speed as high as 4000 ft. per minute on 
sprockets making about 1200 r.p.m. In general it may be 
said that the larger the sprockets, up to a reasonable limit, 
the more satisfactory will be the drive. While sprockets 
having as few as 11 or 12 teeth may work fairly well imder 
favorable conditions, it is not desirable to use a sprocket 
having less than 16 teeth. The ratio of the numbers of 
teeth in a pair of sprockets connected by a chain may vary 
from i to i, depending upon the style of chain. The dis- 
tance between centers of a pair of sprockets should not be 
less than 1^ times the diameter of the larger sprocket nor 
more than 10 or 12 ft. 
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90. Clas»ficatioii. Of the elements to be considered in 
this chapter the inclined plane and wedge come under the 
head of sliders, in division III of § 13, the screw and nut 
belong in division V, although it may involve straight sliding 
as well. The worm and wheel is an application of the screw 
principle combined with rotation of a wheel about a fixed 
axis. 

91. Inclined Plane and Wedge. The inclined plane and 
wedge will be considered only as mechanical elements for 

producing motion or exerting 
force. In this sense they ate 
essentially the same thing. In 
Fig. 92, P represents a wedge, 
or solid, whose lower surface 
mn is horizontal, resting on a 
horizontal surface XX and free 
to be moved along that sur- 
face. The upper surface mo 
is inclined at an angle with 
the horizontal. S is a slide which may move up or down in 
the giudes G, the lower end being inclined or beveled at the 
same angle as the upper surface of P, on which it rests. 
Suppose that P is moved to the left a distance mmi, so as 
to occupy the position shown by the dotted lines. It is 
evident that S is forced up a dLftanee ddi. If the length 
b and height a of P are known, it is possible to calculate the 
amount S will move for any known movement of P. Draw 
vertical line ml meeting miOi at (. Then ml=ddi since 




I 
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they are sides of a parallelogram. The triangles mimt and 
miuioi are evidently similar. 

Therefore, 

mmi 



But 



and 

■I 
Therefore 



mt 
oiui mini 

oiui = on, 
mt = ddi 

mini=mn. 

ddi mmi 



on 



mn 



or 



ddi = mmi X — , 
mn 

or, in words, the distance the slider rises is equal to the dis- 
tance the wedge moves multiplied by the ratio of the height of 
the wedge to its length (43) 

It should be noticed that this rule holds true only when 
the slider S moves in a direction perpendicular to the surface 




m 






Fig. 93. 



Fig. 94. 



along which the wedge slides and the angle mno is a right angle. 

In Fig. 93 a wedge is shown in which the end no is not 

perpendicular to mn. The same method of calculating 
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the rise of the slider S would be used as in the previous 
case except that the vertical height ok is used in place of 
the length no. 

The w^t^e in Fig. 94 is itself raised when pushed to the 
left, due to its sliding upon the inclined stationary surface 
of K, and carries S up with it. It also gives an additional 
rise to S due to the slant of the surface mo. The resultant 
rise of S is, therefore, the sum of the two. 

92. Screw Threads. If the top surface mo of the wedge 
shown in Fig. S2 is assumed to be covered with a very thin 
stnp of flexible material and this strip is wound around a 
cylinder whose circumference is equal to the length 6, the 
angle of inclination with the horizontal remaining the same, 
it will assume a helical form as shown in Fig. 95. If the 
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Fio. 96. 



Fig. 96. 



sUde S has a point which reaches out and rests on the top 
surface of the strip, and the cylinder is turned in the direc- 
tion of the arrow, S will be raised. The action of the helical 
surface on 5 is exactly similar to the action of the wedge in 
Fig. 92. One complete turn of the cylinder will raise S a 

p 
distance of P. One-half a turn will raise B a distance -^, 

and so on. In F^. 96 a similar arrangement is shown, except 
that, in this case, S is stationary and the cylmder is free to 
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move endwise aa well as turn, the weight of the cylinder i 
I resting on the point of ^S through the helical blade. Now, 

I if the cylinder is given one turn in the same direction as 

B before, it will be lowered a distance P. 

^^^^ Fig. 97 shows a cylinder with a atrip wound around it 
^^^^L in the same way as in the preceding figures only the strip 

F. 

Fio. 97. 





here is very much thicker and is wound around several 
times. In actually making such a cylinder of metal a solid 
cylinder of diameter D would be taken and a helical groove 
cut around it. The metal left between the successive 
turns of the .groove thus constituting the " hcHcal strip." 
A cylinder so formed is caUed a screw, the projecting part 
which we have called the helical strip, being known as the ' 
screw thread. The action of sucli a thread on its follower is 
exactly the same as just described for Fig. 95 or S6. Instead 
of using a single projecting point or surface for the thread to 
act against, as has been assumed in these figures, a hole with 
a corresponding thread inside it is formed, this thread being 
of the proper size, slant, and shape to just fit into the grooves 
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of the screw. The piece which contains such a hole is known 
as a nut. (See Fig. 98.) 

93. Fonns of Screw Threads. There arc several differ- 
ent fonns of threads in general use. The more common 
fonns are shown in Figs. 99 to 102. In Fig. 99 is shown 
the square thread used for supporting or moving a load as 
in a jack-screw. In Fig. 100 is shown the thread ordinarily 





Fig. 99. 



Fra. 100. 



Fig. 101. Fig. 102, 



known as the Acme thread which is similar to the square 
thread except that its sides slope slightly, giving a stronger 
thread and making it possible to open and close a split nut 
around it. Such a thread is used on the lead screw of a 
lathe and in similar places where the screw moves the car- 
riage and where it is necessary to sepMate the two halves 
of the nut on which it acts when it is desired to break 
the connection between the screw and the carriage. 

Figs. 101 and 102 show the V thread, which is the kind 
commonly used on bolts, machine screws, and, in fact, for 
most purposes where the screw and nut serve for holding 
purposes. It is also used in hght apparatus for causing 
motion. These two forms are alike except for a slight dif- 
ference in the angle of the sides and a difference in shape at 
the point and root. Figs. 103 to 106 with the accompanying 
tables show the shapes and standard proportions of the above 
iomis of threads. 
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TABLE v.— U. S. STANDARD SCREW THREADS 
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TABLE VI.— WHITWORTH OR ENGLISH STANDARD SCREW 

THREAD 



.,— i.-. 




A = - = .16P, 
B=.64P r=.137P. 



Fig. 104. 
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TABLE VIl— ACME THREADS 
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SQUARE THREADS 




Threads per inch may be about ] of the U. S. Standard on both 
Acme and Square, 
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94. Single and Multiple Threads. All of the threads 
shown in the preceding illustriilions are single threads; that 
ifi, the threads are formed by the metal left lietween the suc- 
cessive turns of a single heUcal groove cut around and 
around the cylinder. If two parallel helical grooves are cut, 
the metal remaining will constitute adovble thread; three 
parallel grooves will leave a triple thread, and so on. The 
single, double, and triple threads are illustrated in Figs, 
107, 108, and 109, respectively. It will be noticed on the 




..SINGLE THREAD 

Fi(!. 107. 



single thread (Fig. 107) that if the finger be placed on any 
point of the thread, as at A, and is moved along the thread 
until it has gone once around the screw, it will come to the 
point C. That is, in moving once around the screw tte 
finger has advanced along the screw a distance AC. On 
the double thread {Fig. 108) if the finger starts at A' and 
follows the thread once around, it will come to C, but this 
time there is a point D which hcs between A and C. D is 
the point of the second or parallel thread. Similarly, if 
the finger follows a thread in Fig, 109 once around from A to 
C, two points D and E will lie between A and C. A mul- 
tiple thread may be used when there is need for a fine thread 
having a large " load " (see §95). 

96. Pitch or Lead of a Screw. The distance AC which 
the thread atlvanoes along the screw in one turn around is 
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sometimes called the pitch. A better name, however, is the 
ledd. This definition of lead applies equally to single and 
multiple threads, while the term pitch is sometimes applied 
to the distance from one point to the next, regardless of the 
condition of the screw being single or multiple. Lead is 
never used in this sense. If a nut is stationary and the screw 
is turned once around, it will move along through the nut a 
distance equal to the lead. If the screw is held from moving 
endwise but can turn, while the nut is held from tmning but 
is free to move along the screw, one turn of the screw will 
move the nut a distance equal to the lead. 

96. Threads per Inch. The size of a thread on a screw 
is commonly specified by stating the nimiber of threads 
which the screw has in an inch of its length. For example. 
Fig. 110 represents the side of a screw with a scale laid 




M 



Mill I I I J 



Fig. 110. 



Fig. 111. 



against it so that the line M is over the center of a groove. 
The line iV, which is an inch from M, comes over the center 
of another groove or another turn of the same groove and 
there are five whole thread points between M and N, This 
screw would be described as a screw having five threads to 
the inch, no account being taken of its being single or double. 
In Fig. Ill the line M is placed over the center of a space 
and the line N happens to come over the center of a thread 
point with seven whole thread points between. There are, 
therefore, seven and one-half threads per inch on this screw. 
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97. Right-hand and Left-hand Threads. The thread may 
,winii around the screw in such a way that it slants downward 
from right to left as one looks at it, as shown in Fig. 112, in 
which case it is called a right-kaiid thread; or, it may slant 
downward from left to right as one looks at it, as shown in 
Fig, 113, when it is called a left-hand thread. If the screw 




Fig. 112. 



Fm. 113. 



■ with the right-hand is turned in the direction of the arrow A, 
Fig. 112, it will move downward through the stationary nut, 
or if the screw cannot move endwise the nut will be drawn 
up. The screw with the left-hand thread would have to be 
turned in the direction of the arrow B (Fig. 113), to move 
downward or to draw the nut up. If one were looking at 
the end of a right-hand screw and turned it right-handed or 
dockwise, it would move away from him, whereas a left- 
handed screw looked at endwise and turned left-handed or 
ardi-dodcwise would move away. 

98. Relation between the Speed of a Screw or Nut and 
the Speed of a Pouit on the Wrench or Handle. In Fig. 1 14 
suppose the screw S is supported in a bearing. Collars H 
and B prevent it from moving endwise. The lead of the 
screw is P inches. S fits into a nut N which is free to slide 
along the guides G but is held from turning by the guides. 
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A crank with a handle K is fast to the end of the screw, the 
center of K being at a distance of R inches from the axis of 
the screw. It is now required to find a method of detenninii^ 
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the relation between the linear speed of the handle K and 
of the nut N. If the crank is given one complete turn it 
will, of course, turn the screw once and the nut will move 
along the guides a distance P 
inches. While the crank turns 
once the center of K moves over 
the circumference of a circle 
whose radius is R, therefore it 
' moves over a distance 2tR 
inches. Therefore the 




Linear speed of .V P 
Linear speed of K 2wR' 



(44) 



Also, since the forces at the two 
points are inversely as the speeds, 
neglecting friction, 

Force at .V 2xR ..„ 



In Fig. 115, which shows an ordinarj" jack-screw, the 
exact value of the speed ratio differs slightly from that 
expressed by Eq. (44). Here the point K at which the 
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force is applied rises with the screw so that in making a 
complete turn the point K moves over a helix whose diam- 
eter is 2K and whose pitch (or lead) is equal to that of the 
screw. The formula for the length of a helix is V2^+P^ 
so that the actual speed ratio is 
Linear speed oiW _ 



Linear speed of K -s/^^Jr-fi 
The lead (P) is so small relative to R that the value 



(46) 



differs only very slightly from 2)rK, Accordingly, although 
Eq. (46) is the correct one, Eq. (44) is usually accimite 
enough for all practical purposes. 

99. Differential Screws. Fig. 116 illustrates the style 
of screw known s& a MSererdiol screw. A part S of the 
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screw itself has a thread whose lea4 is P inches and fits into 
a nut r which is a part of the stationary frame. The other 
end Si of the screw has a different thread, of lead Pi, inches 
which fits the nut N. This nut may slide along the guides 
G but is held by the guides from turning. As the screw is 
turned the motion of the nut is the resultant of the move- 
ment of the screw iS through the nut T and of the nut JV 
along Si. Suppose, for example, that P=5 in. and Pi = i^ 
in., both being right-handed screws. If now the handle K, 
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m ttmwtd ri^it-handMi, a» Been from the Wt, the 
ecrew nwivai aimt^ throu^ T Itnrud the ri^t | in. and if K 
wtfte not for the thread St \ would move to the right \ in. 
At tb« Kama time, however, S, has draim A' hack opm itself 
■fy ia, wo thai the net nKA-cmcDt at \ toward the r^t is 
I in.— ]^ In. or /^ in. Again, nippoee P=] in. r^it butd 
and Pt^A ■■<■ I'^t hand. One turn of the handle io the 
aattsu direction om before will advance .S throi^ 7 1 in. and 
at the iame time cany N oB Si -^ in., so that the net move- 
tnMit at N to the right t» J + i^ in. or H in. A de%-ice (rf 
thin iiort may tie uned for obtaining a ver>' small nio%'ement 
of the nut for one turn of the screw uithout the oecesity 
of iiHint; a very fine-threaded screw. 

100. EzompIeB oa Velocity and Power of Screws. 

Eumple 23. In Fig. 117, Ruppose it is requiml Io find the load IF, 
which, ■iifliMiridfwl from Ihe nut N, can lie raised by a force of 60 lb. 
ii[i[>lii<(l at F. 'ilte KKTew hiifl a lead of i in. Assume that the friction 
iium id 40 pnr tent. L«t ft"20 in. 

ti'itutlim. While the §crcw tnakce one turn F moves over a distance 
•IwW - 12B.fiO in. and N rines 1 in. 

It hait already been learned that the force multiplied by the dis-" 
tiincc over whith it acts is equal to the weight 
lifted multiplied by the distance it moves. 
Therefore, 

fX125.66iii. = R'XS in. 
Since 40 per cent is lost in friction the net 

.60X60=36 lb, 
Tiierefoi*, 

36X125. 6e = fFXj in., 

1^=9047.5 lb. 



17. The same result would be obtained by aiib- 

stituling directly in Eq, (45). 
M. Ill the jack-screw shown in Fig. 115, the lead of the 
, ft - 3 fl ,, in. The force exerted at K is 100 lb. To find 
iKhl \V which could be lifted if friction were neglected. 
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SdiitUm. Formula (46) applies in I 
ratio, but formula (44) will be very nearly correct. 



Speed of W h i"- 
Speed of K~2i42 

W = 27r42 X 100 X2 = 54779. 




In Fig. 118 Pi = A in. right hand; P, 
hand. To find how many turns of the 
hand wheel are required to lower the 
slide i in., and to determine (he di 
the wheel must be turned. 
Solution. Since the i 
right hand and has a lead of ^ 
turn of the wheel right-handed 
from above will lower the oute 
^ in. At the same tii 
inner Bcrew if also right-handed this 
turn of the wheel will draw the 
screw into the outer one i in, si 
the resultant downward motion of the 
slide for one turn of the wheel is A in. pjQ n^ 

— s 'o- = A in. Therefore, to lower it 

J in, the wheel must be turned right-handed as seen from above as 
many times as I'j is coiifained info J or 8 times. 

101. Worm and Wheel. Fig. 119 is a picture of a worm 
and wheel mechaTiism mounted on a frame so as to be used as a 
model. The worm is merely a screw while the wheel is a 
gear with teeth so shaped that they mesh properly into the 
spaces of the worm thread. The worm may be right haad 
or left hand and single or multiple threaded. 

Just aa a screw when turned moves the nut along, so the 
worm when turned pushes the teeth of the worm wheel 
along, causing the wheel to turn. One turn of the worm will 
move a point on the pitch circle of the wheel over an arc 
equal in length to the pitch or lead of the worm. Therefore, 
in order to cause the wheel to make a complete turn the worm 
must turn aa many times as the lead is contained into the 
circumference of the pitch circle of the wheel. 
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Lvl /* i-vtwvtfW** ibe lead of the worm and D the pitch 



Tvwrtt* til" wheel P ' 



'|\tru& of wheel = Turns of wona X -^- . . (48) 




•\S'^iit< '1'*' 't»"'i»M» W" ihe wwrm »»n tht* wheel niaj" he coo- 
skWtvi) stiuilui' u» the a>'tu»» vrf « rai'k *« a p-ar. Oik* luni 
uf a, :jiuglo-llm'atli\) wwiu is |Ih> ;<ai»e a^ ^lulin;: a rack 
iUui^ a kliiiiaai'i' e^itutl iwiho eir\-uUr i^u-h i>f the wheel, or, 
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turning the wheel through ^ part of a turn, where T repre- 
sents the number of teeth in the wheel. One tiu'n of a 
double-threaded worm corresponds to moving a rack along a 

distance equal to twice the circular pitch of the wheel, or 

2 

turning the wheel through ^ part of a turn. 

Therefore, 
Turns of wheel = ^ X turns of single-threaded worm, . (49) 

2 

Turns of wheel = ^X turns of double-threaded worm, . (50) 

3 
Turns of wheel =^Xtiu'ns of triple-threaded worm, . (51) 



Or, to express the same idea in more general terms, 

Turns of wheel _ Number of threads in worm 
Turns of worm" Number of t6eth in wheel 



(52) 



It will be noticed that the angular speed ratio of a worm 
and worm wheel as expressed in Eq. (52) is the same as for 
spiral gears as expressed in Eq. (19). In fact the worm 
and wheel do not differ essentially from spiral gears, and it is 
not easy to determine where the line is drawn between spiral 
gears and worm and wheel. Perhaps a general method of 
distinguishing between the two is as follows: 

In spiral gears each tooth on each gear is only a part of a 
heUx of large lead, whereas in the worm and wheel the wheel 
teeth are short lengths of heUces of very great lead while the 
worm itself is a gear of one, two or, at any rate, very few 
teeth, each of which winds around once or more times. 

102. Examples on Worm and Wheel. 

Example 26. In the worm and wheel mechanism shown in Fig. 120, 
let it be required to find the number of turns of the worm that would 
be necessary to turn 14 times. 
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SobiHon. Applying Eq. {47}, 
Turns o! worm 



—700 approsiiDately. 




ExKinple 27. The cylinder C, Fig. 121, is keyed to the same shaft 
a the worm wheel. It is required to find the force F which would be 
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necessary on the handle in order to raise the weight of 1000 lb. if fric- 
tion is neglected. 

Solution 1. First determine the ratio of the linear speeds of the 
weight and the point at which the force F is applied. If the worm is 
assumed to make one turn in a imit of time the handle will have a speed 
equal to the circumference of a circle whose radius is the distance from 
the axis of the worm to the center of the handle. Therefore, it would 
be 2x16 in.=327r in. While the worm turns once the wheel will turn 

Lead .503 

or turns. 



circumference of wheel pitch circle irl2 

Since the cylinder C turns at the same angular speed as the worm 

.503 
wheel a point on its circumference will have a linear speed of Xir8 

— .3353 nearly. 

Therefore, since the force is to the weight as the speed of the weight 
is to the speed of the point at which the force is applied, 

F .3353 ^ ^, „ 

or F=3J lb. 



1000 32ir ' 

Solution 2. This problem might have been solved by a somewhat 

shorter method, as follows: Assuming the worm single-threaded, the 

wheel must have as many teeth as the lead is contained in the circum- 

irl2 
ference of the pitch cirle, or -——=75 teeth. Therefore, one turn of 

.503 ' 

the worm will cause the wheel and the cylinder C to make tj^ of a turn 

(see Eq. 49). Then, if the radius of the crank were equal to the radius 

of C the force F would be tj^ of the weight W. But since the radius of 

the crank is 4 times that of C the force F will be J X^ of TT or -j^. 

Therefore F^^^^ or 3J lbs. 

The same result would be obtained if the worm were not single- 
threaded, provided the lead is the same. For example, assume the 

• irl2 

worm double-threaded, then the wheel would have 2X or 150 

.503 

teeth and one turn of the worm would cause the wheel to make y^ of 

a turn (see Eq. 50), which equals -j^ as before. 



CHAPTER VII 

X 

CAMS I 

103. A cam is a plate, cylinder, or other solid having a 
curved outline or a curved groove, which rotates about a 




Fig. 122. 

fixed axis and, by its rotation, imparts motion to a piece 
in contact with it, known as the follower. 

Fig. 122 is a drawing of a cam known as a plate cam, 
and Fig. 123 a drawing of a cylinder containing an irregular 
groove and known as a cylindrical cam. 

Very many machines, particularly automatic machines, 

134 



depend largely upon came, properly designed and properly 
timed, to give motion to the various parts. A cam is 




Fia. 123. 



ordinarily designed for the special purpose for which it is 
to be used. 

104. Plate Cams. A plate cam imparts motion to a 
follower guided so that it is constrained to move in a plane 
which is perpendicular to the axis about which the cam 
rotates; that is, in a plane coincident with or parallel to the 
plane in which the cam itself lies. The character of the 
motion given to the follower depends upon the shape of the 
cam. The follower may move continuously or intermit- 
tently; it may move with uniform speed or variable speed; 
or it may have uniform speed part of the time and variable 
speed part of the time. A knowledge of the various types 
of plate cams, and an idea of the manner of attacking the 
problem of designing a cam for any specific purpose, can best 
be obtained by studying a number of examples. 

Example 28. A cam is to be keyed to the cam shaft 
(Fig. 124), which turns as indicated. The shape of the 
cam is to be such that the point of the slider S will be 
raised with uniform motion from A to B while the cam 
makes one-half a turn, and lowered again to the original 
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position during the second half turn of the cam. The cam 
abaft turns at uniform speed. 




SoltUion. (Fig. 125.) Draw a circle through A with C as 
a center. Since the follower is to rise from A to B while the 
cam makes one-hulf a turn (or turns through 180°), and 
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since the cam shaft turns at uniform speed, divide one-half 
of the tiircle {AVW) into any number of equal angles by the 
lines Ca, Cb, Cd, and Ce. Four divisions are made in the 
illustration, although for accurate work a greater number 
would be desirable. The divisions are made on the side 
which is turning upward toward the follower, that is, back on 
the side from which the arrow is pointing. Now, divide the 
distance AB into as many parts as there are divisions in the 
angle A"lTr. Since the follower is to rise from A to B with 
uniform motion, the divisions of AB will be equal. That is, 
A to l = lto2=2to3 = 3toB. When the cam has made 
one-fourth of a half revolution, the line Ca will be vertical. 
A point m on this hne, found by swinging an arc through 1 
with center C, will be the point on the cam which will be at 
the height CI above the center when the cam has made one- 
fourth of one-half revolution. Similarly, n will be the point 
on the cam which will be at 2 when the cam has turned one- 
half of the half revolution, p and r are found in the same 
way, by drawing arcs through 3 and B cutting the lines Cd 
and Ce, respectively. 

A smooth curve drawn through the points A,m,n, p, and r 
will be the correct outline for that portion of the cam 
which will raise the follower point from A to B as specified. 
Since the follower is to be lowered from B to A, also, with 
unifoim motion during the remaining half turn of the cam, 
the other half of the cam outUne will be a duplicate of that 
already found. 

Example 29. Data the same as for Example 28, except 
that the follower, instead of having a point shaped as in that 
case, has a roller, as shown in Fig. 126, on which the cam 
acts. The construction is shown in Fig. 127. It is neces- 
sary first to find the outline of the cam for a follower like 
that in Fig. 125, the point of the follower being assumed 
to be at the center A of the roller, Fig.127. The construction 
of this curve is exactly the same as explained for Fig. 125 and 
is lettered the same in Fig. 127, the curve itself being drawn 
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ttK\^\l\l W WK^U^i \\\k\{ iho jHviut ivlf tHii^mcy will not nece&- 
iM,\K\\ \\\^ \w\ lUo Uuo j\viuuus the wutor vrf the arc to the center 
vU ll\v^ swu. b\vi' iuHiauvv* v\uuuder the arc v.lrawa with n 
^!i i4 VAV*^U^v- n^' c«Mu ciuvc Iva^^viu^ to strike this arc at y^ 
u\a i\i iho iKuul vvhciv ihv^ iwv cut:^ the line Cb. 
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AB along which the center of the roller is guided is a dis- 
tance D to the right of a vertical line through C That is, 




the center of the cam shaft is offset a distance D to the left of 
the Une of motion of the center of the follower. To draw the 
outUne of a plate cam which, by turning as shown by the 
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quarter turn, Ipwer it again to A during one-quarter turn, 
and allow it to remain at A during the last quarter turn; 
the cam to turn in the direction of the arrow. Starting 
with C and A as in the preceding figure, draw the line ArAC. 
It is convenient, for the purpose of dividing up the angles, to 
draw a circle through A with C as a center. With CAk as a 
starting or reference line divide the circle into four equal 




yarts by the lines Ce, C/ and Cn, The angle kCe is the angle 
through which the cam turns while the follower is being 
raised. Divide this angle into equal parts, and find points 
on the cam pitch line as described in Example 30, the only 
difference here being that the angles hCa, fcC6, etc., are 
smaller. Point 16 is the last point thus found. Since the 
follower is to remain at rest at B during the next quarter 
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instantly, and holds it there during the remaining two- 
thirds of a turn. The angle kCf through which the cam 
turns to raise the roller, is laid oflf (120°) and divided into an 
even number of eqiuil parts. Since the roller is to rise with 



I 



-c 



.B 






^7' 




Fig. 131. 



harmonic motion, a semicircle is drawn with AB as a diam- 
eter, and the circumference of this semicircle is divided 
into as many equal parts as there are divisions in the angle 
kCf, From the points of division on this semicircle perpen- 
diculars are drawn to the line ABj meeting it at points 1, 2, 3. 
These points are the points of division of AB to be used 
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105. Positive Motion Plate Cams. It will be noticed that 
in each of the cams which have been discussed, the follower 




nut^t I'le held in contact with the surface of the cam by some 
cxtornnl forv»? such as gravity, or a spring. The cam can - 



only force the follower away from the cam shaft, while some 
outside force must bring it back. In case it is desired to 
make the cam positive in its action in either direction without 




depending upon external force, the cam must be so con- 
structed as to act on both sides of the follower's roller, or 
there must be two rollers, one on either side of the cam. 
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Fi^. IS4 ^v>w$ ;i catu de%ned to give the same motioii to 
the settle fv4k>w^r as in Fig. 133. la Fig. 134,. faoweyer, the 
(Htch lute vrf the varu is^ m;uie the center line of a gnx>ve 
v^ A wiiith eviual to the roller diameter, enabling the cam to 
ttK>ve the rvUler in either direetion. Fig. 135 idbows anotfaer 
5rtvle of ^K^tive motion cam. The follower cooasts erf a 
framewv^rk carrying two rollers* one, roller C, resting on cam 
.1. which it^ viet<igtted :$o 3j:f^ to gi^'e whatever motion b desred 
for the follower. The other, roller D. rests on cam By wfaidh 
it^ vJei^tgued to be in contact with roUer D. the poeitiDn oE the 
tatter dbfpeu<.{ing in turn upon the position of the roIL^ C. 
U would be pot^si^ble to have both rollers touching the same 
cani, bat in that ck^ the movement of the follower coald 
ottiv be chotjew tor oue^half a cum of the cam, the oth»r half 
beiitit vieceruiined by :he :?faape of the cam neeeseary to be in. 
cotitact with both roller?* 

]SM; PlttOt C^Ofc witit Ilttt PriBwwg;— ffMnnjkfr 31. The 
follower tor the cam :(UowTt :n Fig. l^jli htkf :i tiac plafie at its 
<^Kt itis>(oad oc :i roller. The cam i^ :!U designed tiiat, when it 
turfi^y rt|c.hi4ia2ideu. the follower will oe raised with harmonic 
!tioiLou \%hile tile cam :tiakesoae-<hiniof .a turn, then remains 
;it >:>5>i duruiic liie :ie\r third oi a :um oi the vamr and be 
owetw \%itii luirtnouic rriociou diu^uic the rvmaininip third 
oi .i luni. 

U UK> v.v*iier .iiK> oi '.iie s^tuiies Ji wiiieh the follower 
ittov^i^ divt :ioi :»as^^U)roi(|ct) ;ih' v.'encer ot :h^ cam. tbe :diape 
oi IK* .aiii wouiii loi v .uTivuxi. 

SriifK^'f*. l**K' itcwKKi oi v'ou^rtieciuu is- :)&^ follows: 
V<i4.iuiai|^ '.iuii 'iK^ -oiU)\%er s siiov^ri .n .cs- ^owosc pnoiaiin* 
'Heae>iuv '((> iiou^ .i vcMMv^i lite 'taii$ui||L tiutiugh the (senfier 
vH IK' tiiu IK' .ii^aiKv *<> whivii TiK* :'uiiower is^ tan move. 
T.^v KJv IKS mo wiv I'vtMi luiiuvr ji lamiuuic diviaioiie^ 
•tK«^^ 'h.'*»»>i i5<'^i *> he iia^^iu^. \jk\ nR-i :iie au|de offm 
<.)Hual 'o 'Ik* wii^iv :iut»uKii \%iiu»i tu' .sun urtt^ while the 
fqUuwe^^ Us iKHiii;^ 'iltt>i. -^x'dv iV"# mu te?- :uauy equal 
im|!t»l JlVVtM^ 4tv 'MIUOU4V viix i^^ou> u tK' meo6^. Thmugh 
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point 1 BwiDg an arc with E as & center cutting the first 
radial line at u>; through w draw a line perpendicular to Ew. 
Through 2 draw an arc cutting the second radial line at v 
and draw through v a line perpendicular to Ev. In a similar 
way draw perpendiculars to Eu, Et, Er, Ep, En, and Em. 




A smooth curve tangent to all of these perpendiculars will , 
be the outline of that portion of the cam which raises the 
follower. 

Since the follower is. to remain at rest while the cam 
turns through the next 120" the outline between the line Em 
and the line Ek 120" away from Em will be an arc of a circle 
through m with E as a. center. 

The outline of the portion of the cam which lowers the 
follower is found in a manner similar to that described for 
raising it. 
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107. Plate Cam with Flat Rocker. —Example 35. The 
earn in Fig. 137 ai-luatcs tlio follower S through the rocker | 
R which is pivoted at P. S slick-s iii guides, and is to remain I 
still while the earn makes a quarter turn right-handed, then ■ 
to rise to the upper dotted position with harmonic motion 
during a quarter turn of the cam. During the next quarter 




i 



turn the follower is to drop with harmonic motion to its 
original position, and remain at rest during the last quarter 
turn. The foot of the follower is a semicircle with center 
at 0, resting on the upper flat surface of the rocker. To 
find the cam outline, first divide the distance o6 into har- 
monic spaces, six being used in this case. These points of 
divisions are the successive positions of the center of the 
aemicirde. Draw arcs of the circle with each of the points, 
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1, 2, 3j 4, 5, 6, as centers. Draw the dotted circle K tangent 
to the upper surface of the rocker produced. Next, draw 
the lines a, b, c, d, e, and / tangent to circle K and to the arcs 
drawn at 1, 2, 3, 4, 5, and B respectively. Parallel to, and 
at a distance r from lines a, b, c, etc., drawhnesg, h, j,j, etc., 
cutting the vertical line through the cam center C at 7, 8, 9, 
10, U, and 12. 

Since the follower is to remain at rest during a quarter 
turn of the cam, the outline of the cam over the angle A 
is an arc of a circle with radius CE. 

Since the upward movement takes place during a quarter 
turn, or 90°, lay off angle B equal to 90° and divide it into as 
nmny equal angles as there are harmonic divisions in o6. 
Lay off C14 equal to C7 and through point 14 draw a line 
making the same angle with C14 that line g makes with CE. 
Draw similar lines through each of the other radial lines 
C15, C16, Cn, CIS, and Cl9. The cam outUne will be a 
smooth curve tangent to all the lines which have been thus 
drawn. 

A similar construction is used for finding the curve for 
the part of the cam which lowers the follower. The last 
part of the cam, over angle F, will be a circular arc to give 
the period of rest. 

108. Cylindrical Cams,-~Ezample 36, The general ap^ 
pearance of a cylindrical cam has already been shown (see 
Fig. 123). Fig. 138 gives dimensions for the hub and groove 
for a cylindrical cam which is to hold 
a follower still for | turn of the cam, 
move it 1 in. to the right with gravity 
motion (see § 12) while the cam 
makes three-eight!^ turn, hold it still 
for one-eighth turn, and return it to 
its original position in three-eighths Fig. 138. 

turn. 

Solution. The solution of this problem is shown in Fig, 
139. The upper left-hand view is an end view of the cam, 
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the upper right-hand view is a side elevation of the cam. 
To make the drawing, proceed as follows: 

Locate the center line XX'. On the line XX' choose the 
point C at any convenient place and draw the circle K whose 
radius is equal to the outside radius of the cylinder. Also 
draw the dotted circle P with a radiiK equal to the outside 
radius minus the depth of the groove. Draw the ^'ertical 
center line YY'. Lay back the angle YCB equal to | of 
360°, that ia, 43°. This is the angle through which the cam 
will turn before the follower starts to move. Since the 
movement of the follower is to take place during the next 
three-eighths of a turn, the cam wiU turn through the angle 
BCY' to give the motion to the follower. Since the follower 
is to remain at rest during the next one-eighth turn, the 
angle Y'CT equal to 45° will ne-vt be drawn, and the remain- 
ing angle TCY will be the angle through which the cam will 
turn to move the follower back to its original position. 
Now, draw the center line MN at any convenient distance 
on the right of the figure already drawn, and locate the 
point E on this line at a distance from XX' equal to the out- 
side radius of the cylinder. On a horizontal line drawn 
through E locate the points F and G, each at a distance from 
E equal to the radius of the roller on which the cam is to act. 
Draw HJ parallel to FG at a distance from it equal to the 
depth of the grtxtve. Through F and G draw lines to Ihe 
point L where MN intersects the axis XX'. That portion 
of the line HJ intersected between FL and GL will be the 
width of the groove at the bottom. Before it is possible to 
proceed further in the construction of this side elevation of 
the cam, it is necessary to make a development of its outer 
surface. Draw the line AfW equal in length to the cir- 
cumference of the cylinder. 

Lay off M'B' equal to the length of the arc YB and 
B'Y'2 equal t:j the length of the arc BY'. Divide B'Y' 
into any even number of equal parts, in this case eight, and 
letter .points of division a', V, c', d', e', f, and g'. Through 



J 



the points thus found draw vertical lines. On the vertical 
line throu^ 3/' laj- o£f A/'8 equal to the distance through 




which the follower ia to move, and dWideM'S into " gravity " 
divisions (see § 12), using as many divisions as there are 
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equal divisions in B'Y's. Mark the points thus found I 
1, 2, 3, 4, 5, G, 7. From 1 project across to the vertical I 
through a'. From 2 project to the vertical through b', 
and so on, thus getting the points 9, 10, 11, 12, 13, 14, 15, 
and 16. A smooth curve drawn through these jwints will 
be the development of the center line of that portion of the 
cam groove which moves the follower to the right. Make 
y'2?" equal to the length of the are Y'T. The development 
of the center line of the groove between the verticals at 
Y'2 and 3" is a horizontal straight line. Since the return 
motion of the follower is a duplicate of the forward motion, 
the curve 17JV', being a duphcate of the curve B'16, will be 
the development of the center line of that portion of the cam 
groove which moves the follower back to its original position. 

The above construction gives a development of the 
center line of the groove on the outer surface of the cylinder. 
The lines forming the development of the sides of the groove 
are smooth curves drawn tangent to arcs, swung about a 
series of centers along the line M'B' 16 17 A^' with radii 
equal to the radius of the large end of the roller as shown in 
the drawing. Similar ciu^es drawn tangent to arcs swung 
about the same centers with a radius equal to the radius of 
the large end of the roller plus the thickness of the flange ' 
forming the sides of the groove, will be the development of j 
the outer corners of these flanges. 

The development of the comers of the bottom of the -j 
groove is constructed in the same way, except that the j 
length of the development is less, because it is a develop- 
ment of a cylinder of smaller radius. 

The projections {on the side elevation) of the curves 
which have just been developed are drawn by finding the 
projections corresponding to points r', s', i', v', where these 
curves cut the vertical line, it being borne in mind that the 
vertical lines on the development really represent the devel- 
oped positions of elements of the cylinder, drawn through 
points a, b, c, etc., which are found by dividing the ai'cs ■ 
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BY^ and TY into divisions equal to the divisions in S'F'2 
and rW. The construction for the points r', s', /', and v' 
only will be followed through as the construction for all 
other points will be exactly similar. Through b on the end 
view draw an element of the cylinder across the side eleva- ' 
tion. From e, where this element intersects MN, lay off 
et equal to b^t\ ev equal to b^v\ to the right of MN since 
f and v' are above M'N', and es equal to Vs' and er equal to 
Vr\ to the left since s' and r' are below M'N\ The points 
r, s, <, V, are the projections of points corresponding to r', 
s', f, v\ Projections of all other points where the curves 
intersect the verticals on the development, are found in 
exactly the same way, and smooth curves drawn through 
the points thus found will be the projections of the corners of 
the groove, and of the flange enclosing the groove. The 
projections of the corners of the bottom of the groove are 
obtained in the same way also, using, of course, elements 
through a2, 62, etc., instead of a and b, 

109. Multiple-turn Cylindrical Cam. Fig. 140 shows a 
cylindrical cam which requires two revolutions to complete 
the full cycle of motion of its follower. The method of 
designing such a cam would be similar in principle to that 
described for the simple cam in Fig. 139. The follower in a 
case like this may require a special form in order to pass 
properly the places where the groove crosses on itself. 

110. Combinations of Two or More Cams. In various 
automatic machines the movements of parts which have 
to be timed with respect to each other are often obtained 
by the use of two, or more cams properly designed, and prop- 
erly adjusted to give each piece its desired motion at the 
required time. Fig. 141 shows how a cylindrical cam and a 
plate cam might be arranged to work in combination with 
each other. In this case the cylindrical cam makes two 
revolutions for every one of the plate cam. The cylinder R 
is caused to swing back and forth by the lever S which, in 
turn, is operated by the plate cam. 
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With the mechaniBm in the position shown, the cyhn- 
drical cam makes one-eighth turn in the direction shown, 
after which the pin T starts to move to the r^ht with har- 
monic motion. T moves to the right the total distance of 




\\ in., during three-eighths of a turn of the cylindrical cam, 
after which it remains at rest for one-eighth turn of the cam, 
then returns to its original position during the remaining 
three-eighths turn. The plate cam is so designed that, 
turning left-handed as shown, the cylinder fl begins to turn 
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after T has moved to the right f of an inch. It continues 
to turn' with " gravity '' motion mitil T gets back again to 
within f of an inch of its left-hand position. 

The hole W will then be in the position now occupied 
by the hole V. R will then stop its motion and T will be 
inserted into the hole W. During the next revolution of the 
cylindrical cam T has a motion the same as before, and the 
plate cam swings the cylinder R back to its original position. 



CHAPTER VIII 



SIMPLE WHEEL TRAINS 



111. Train of Wheels. A train of wheels is a series of 
rolling cylinders, cones, gears, pulleys or other similar 
devices serving to transmit power from one shaft to another. 




Fig. 142. 



The examples of rolling cylinders, gears, etc., which 
have been discussed in earlier chapters are really wheel 
trains each involving only one pair of wheels. In Fig. 142 

159 
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2) is a gear fast to shaft A. E is& gear fast to shaft B and 
meshing with D. F is another gear also fast to shaft B 
and meshing with the gear G which is fast to shaft C. If 




now the shaft A begins to turn, D will turn with it, and, 
therefore, cause E to turn. Since E is fast to the shaft B 
"le latter will turn with E. Gear F will then turn at the 
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ed as E and will cause G to turn, causing 
the shaft C to turn with it. That is, D drives E, and F, 
turning with E, drives G. 

The above is an example of a simple train of gears con- 
sisting of two pairs. Fig. 143 shows an arrangement of 
pulleys similar in action to the geare shown in Fig. 142. 




H is a pulley on the shaft R belted to the pulley J on shaft 
S. On the same shaft is another pulley K belted to the pul- 
ley L on shaft T. 

Fig. 144 shows a train of wheels involving both gears and 
pulleys. In this case D is a gear on shaft A, meshing with 
and driving the gear E on shaft B. On the same shaft is 
pulley K, belted to the pulley L on shaft C. 

112, Driving Wheel and Driven Wheel. Referring again 
to Fig. 142, the gear D by its rotation causes E to turn, 
therefore, D may be called the driver or drimng wheel, and E 
the driven wheel. Similarly F, turning with E, is the driver 
for the wheel G. Hence, in any train such as here shown, 
consisting of three axes with two pairs of wheels, two of the 
wheels are drivers and two are driven wheels. 

113. Idle Wheel. In Fig. 145, gear D drives E, which 
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in turn, drives F. E is, therefore, both a driven and a 
driving wheel. Such a wheel is called an idle whed. 

UA. Train Value (Speed Ratio). The ratio of the angular 
speed of the last wheel of a train to the angular speed of the 
first wheel of the same train is called the value of the train, 
or train value. For example, if the shaft A in Fig. 142 makes 
25 r.p.m. and the sizes of the several gears are such that shaft 
C makes 150 r.p.m, the value of the train would be ^=6. 




Fig. 145. 



An inspection of the same iBgure will show that if A turns 
right-handed, B will turn left-handed and C will turn right-' 
handed. The direction, then, of C is the same as that of A, 
The value of this train is then said to be positive, and will be 
indicated by putting a + sign in front of the number which 
indicates its value. If the number of wheels involved is 
such that the last shaft turns in the opposite direction from 
the iBrst shaft, the value of the train will be said to be nega- 
tive, which fact will be indicated by a — sign in front of the 
number indicating the train value. 

115. Calculation~of Speeds. Let it be assumed that the 
gears in Fig. 142 have teeth as follows: 



7), 100 teeth 
E, 50 teeth 



F, 125 teeth 

G, 25 teeth 



It will also be assumed that shaft A makes 25 r.p.m. to iBnd 
the speed of C. Since the speed of B is to the speed of A as 
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the teeth in D are to the teeth in E (see § 32), the revolutions 

of B will be equal to 25 X ^; also, since the speed of C is to 

the speed of E as the teeth in F are to the teeth in G, the 

speed of C = 25 X -3^X^^ = 250. Expressing this as a 

formula, 

The speed of the last shaft is equal to the speed of the first 

shaft 

Product of the teeth of all the drivers .-„v 

Product of the teeth of all the driven wheels* 

In the case of pulleys in Fig. 143 the principle is the same, 
except that diameters are used instead of nimibers of teeth. 
Suppose that pulley ff is 24 in. in diameter, J 8 in. in diam- 
eter, iiT 36 in. in diameter, and L 12 in. in diameter, then 

24X36 
the speed of T will be equal to the speed of RX qv>^o ; that 

is, in the case of a train of pulleys: 

The speed of the last shaft is equal to the speed of the first 
shaft 

the product of the diameter of all the driving pulleys .«.v 
the product of the diameter of all the driven pulleys* 

In a train consisting of a combination of gears and 
pulleys, as in Fig. 144 



The speed of the last shaft is equal to the speed of the first shaft 
^ the product of the diameters and numbers of teeth of all the driving wheels 
' the product of the diameters and numbers of teeth of the driven wheels * 



(55) 



An idle wheel such as gear E in Fig. 145 has no effect 
on the speed ratio, but does cause a change in the direction. 
This can be seen from the following calculation: Let the 
wheel D have 100 teeth; E 75 teeth, and F 25 teeth, then 
the speed of shaft C is equal to the speed of AX^^Xi^. 
75 then, which is the number of teeth in the idle wheel, 
appears in both numerator and denominator and cancels 
out, and therefore the speed of C becomes the speed of 

iixw. 
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116. Driving and Driven Gears having Coincident Axes. 
Fig. 146 is a diagram t>f thci back gear arrangfinciit for a 
simple cone pulley head-stock on an engine lathe. It illus- 
trates the principles involved when two wheels, whose 
coincide, are connected by a train of wheels through an 
intermediate shaft, the axis of the intermediate shaft being 
parallel to the axis of the connected wheels. P is the cone 
pulley. .^ is a gear integral with P and meshing with gear B. 



W C is another gear on the same shaft with B, both B and C 

I being fast to the shaft. C meshes with gear D on the spindle 

I S. From Eq. 53, 

i Speed of spindle = speed of cone pulley 

Teethin AxTeethin C 
Teeth in BX Teeth in D" 

Since, however, the shaft R is parallel to 5 the gears must 
be 80 proportioned that the pitch radius of vl+pitch radius 
of S equals pitch radius of C+ pitch radius of D. Conse- 
quently, if the gears are all of the same pitch, it follows 
that the sum of the teeth in A and B must equal the sum of 
the teeth in C and D. 



1 




FiQ. 146 
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117. Screw Cutting in a Lathe. In cutting a scicw thread 
in a lathe, the stock on whi{;h the thread is being cut turns 
at a speed such that it will have a surface velocity suitable 
for the cutting tool. While the work is n^aking one turn, 
the tool must be fed along in a dirrction parallel to the axis 
of the work a distance equal to the lead of the thread which 
is being cut. Figs. 147a and 147& show in a diagrammatic 
way one of the simplest methods of accomplishing this 
result. Fig. 147a is the front view of the lathe and Fig. 
H7b the end view. The gears are lettered alike in both 
views. 

Many of the modem lathes use a much more elaborate 
system of gearing, but that shown in the figure serves to 
illustrate the principles and is easier to understand than the 
more complicated ones. 

In Fig. 147a, W is the stock on which the thread is to be 
cut. This is clamped to the face plate by the dog so that 
both turn together. The face plate is fast to the spindle 
which is driven from the cone pulley either directly or 
through the back gears. On the opposite end of the spindle 
is the gear A driving gear B on the stud K through one or 
two iiUe gears according to the desired direction of rotation. 
Fast to the same stud, and, therefore, turning at the same 
speed as 6, is the gear C. This_ gear drives D through an 
idle gear. D is fast to the lead screw wliich is embraced 
by a nut inside the earriagp. The tool is supported on and 
moves along with the carriage. 

Assume that the lead of the thread to be cut on the blank 

is - part of an inch and that the lead of the thread on the 
n "^ 

lead screw is - part of an inch. If the blank makes a turns 

in a unit of time, then the distance which the tool must 

move in that time must be aX- also; if b represents the 

number of turns which the lead screw makes in the same unit 
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of time, bX-r must equal the distance the tool moves. There- 
fore, 



Therefore, 



aX- = 
n 


-hx\ 


\ 


1 


b_ 
a~ 


n 




t 



or 



angular speed of lead screw 
angular speed of blank 

_ lead of thread which is being cut ..^x 

lead of thread on lead screw 

Now from Eq. (5S), 

angular speed of lead screw teeth in ^1 teeth in C 
angular speed of blank ~ teeth in B teeth in U 

Therefore, 

teeth in A teeth in C _ lead of thread which is being cut ..-. 
teeth in B teeth in D lead of thread on lead screw ' 

In any particular lathe the teeth in gears A and B arc 
known quantities and cannot be changed. 

The lead of tlie thread on the lead screw is also known. 
The gears C and D can be changed to give the desired speed 
to the lead screw, the idler E being adjusted so as to make 
proper connection between them. If the thread on the lead 
screw and that being cut are both right hand or both left 
hand, the lead screw must turn in the same direction as the 
blank. If one thread is right hand and the other left hand, 
the lead screw and the blank must turn in opposite directions. 

Example 37, In Fig. 147a iand 1476, assume that the 
lead of the thread on the lead screw is | in. left hand; gear 
A has 20 teeth; B, 30 teeth; C, 27 teeth, and Z), 54 teeth. 
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being cut on the 



To find the lead of the thread which i 
blank. 

Solution. Substituting in Eq. {57}, 

20 27 _ lead of thread being cut 
30^54" I 

Solving this equation gives lead of thread which is lieing cut 
as i iji. That is a screw of 8 threads per inch is being cut. 

To determine whether a right-hand or a left-hand thread 
is being cut the directions may Iw followed through by put- 
ting on arrows, as shown. In this case the arrows indicate 
that the blank and the lead screw are turning in the same 
du^retion, therefore, since the lead screw has a left-hand 
thread the thread which is being cut is left hand. If the 
lever R were thrown up so as to bring both idle gears into use, 
the direction of the lead screw would be reversed and a 
right-hand thread would be produced. 

Example 38. Referring still to Figs. 147a and 1476, 
assume that the lead screw and the gears A and B are the 
same as in Example 37. Let it be required to find the num- 
ber of teeth in C and D to cut 20 threads per inch on the 
blank. 

Solution. Substituting in Eq. (57), 

20 Teeth in C _-^ 
30 Teeth in Z)~ ^" 



Teeth in D 



^-i- 



Then any practical sized gears may be used at C and D 
provided D has five times as many teeth as C; as for example, 
20 teeth in D and 100 teiith in C. 

118. Designing Gear Trains. No definite rules or for- 
mulas can be foUoweil in designing a train of gears to have a 
certain train value. The process is mainly one of " cut and 
try " until the desired result is obtaineti. There are, how- 
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ever, some general lines of attack which may be followed, 
and which may best be understood by studying certain typical 
problems. If the value of the train is chosen arbitrarily, 
it may be found impossible to select gear which will give 
exactly the value called for. 

Example 39. Let it be required to select the gears for a 
train in which the last gear shall turn 19 times while the 
first gear turns once. No gear to have less than 12 teeth 
nor more than 60 teeth. 

Solution. The first step in the solution of this problem 
is the determination of the number of pairs of gears necessary 
to give a train value of 19 and keep the gears within the limits 
of size specified. If only one pair were used, making the 




Fig. 148. 



driver as large as allowed, that is, 60 teeth, and the driven 
gear as small as allowed, that is 12 teeth, the train value 
would be fl or 5. If a second driver of 60 teeth is made 
fast to the 12 teeth gear, and this drives a second gear of 
12 teeth, as shown in Fig. 148, the train value becomes 
f|Xft = 25. This is greater than the assigned value of 
19, therefore, two pairs of gears will be sufficient tg obtain 
a value of 19 without exceeding the specified limits of size. 
Having thus determined the number of gears necessary, 
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the next step is the selection of the gears themselves to give 
the exact value of 19. This may be tried in several ways. 
First, since two pairs of gears are to be used, the square 




Fig. 149. 



root of 19 may be taken. This is approximately 4.36. 
This does not differ greatly from 4^. Now 

^y— =19 
1 ^4i ^^• 

Multiply both numerator and denominator of the first 
fraction by 12, and of the second fraction by 3 and the 
equation becomes 

Therefore, a train of gears as shown in Fig. 149 will give the 
required train value of 19. 

Example 40. Let it be required to find suitable gears to 
drive a shaft at 4 r.p.m. from a shaft 500 r.p.m., using no 
gear of less than 24 teeth nor more than 96 teeth. 

Solution, The train value in this case is shs^^rkz' 

Since the smallest gear that can be used is 24 teeth and 
the largest 96 teeth, the train value between any gear and 
its driver cannot be less than f| or \, 

Therefore \ must be multipUed by itself a sufficient 
number of times to obtain a final result less than yj^. Now, 



SIMPLE WHEEL TRAINS 



171 



(1)^=-^; then 3 pairs of gears will not be enough. But 
(1)^ = -^} which is beyond the specified Y^Sf hence 4 pairs 
will be proper to use. 

The fourth root of y^ is approximately ^ or ^, 

A train of gears for a trial might be in the ratio of 

1 

Multiplying numerator and denominator of each of the 
first three terms by 9 and of the last term by 3 gives 

27V27 V27V24 • 

TU ^'S^ ^TU ^^' 

Then a train, such as shown in Fig. 150, fulfils the required 
conditions. 




Fig. 150. 



119. Epicylic Trains. An epicyUc train of gears is a train 
in which some of the gears turn on fixed axes, while other of 
the gears are on axes which are themselves in motion. Fig. 
151 illustrates this. 

B is a gear turning with the shaft S which is in stationary 
bearings and is driven by the gears R and K. C is a gear 
meshing with B. The stud T on which C turns is carried 
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by the arm A. Fast to the hub of A is the gear E driven by 
the gear D. Attached to C is the gear F which drives G. 
G turns on the same axis as B, but must, of course, be free to 
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turn at a different speed from B. D and R receive their 
motion from outside sources. 

It the gear D is first assumed not to turn, the arm A will 
be stationary, and the following equation will hold true: , 

Speed of GTeeth in fiXTeeth in F 
Speed of B Teeth in CxTeeth in G' 

or speed of G= speed of Bx train value. 



^ of ">^ T..thinrvT..tl-,in^ r.p.m. =«XTram value, 
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If, on the other hand, the gear B is aaaumed not to turn 
and D turns at a definite speed, the arm A will revolve, the 
stud T will travel around S as an axis, C rolling around on B, 
and F rolling around on G. This will impart motion to G 
which may be found as follows : Suppose A to have a speed of 
a r.p.m. left handed; then the speed of C on its own axis is 
the same aa if .4 were held still and B turned with a r.p.m. 
right-handed. That is, C would have a speed on its axis of 

oX f^ — -7—- — T-, r.p.m, left-handed, relative to its own axis. 
Teeth m C 

or relative to the arm. 

This speed of C would impart to G, relative to the arm, a 

Teeth in BXTeeth in F 

Teeth in CX Teeth in G '' 

right-handed. But the arm is itself turning left-handed at a 

speed a r.p.m. Therefore, the actual speed of G due to the 

speed of ^ is a— aXtrain value. The resultant speed of G, 

due to the combined speeds of B and A, is the algebraic 

sum of the speeds which it would have when each moved 

with the other standing still, or 

Speed of G = Speed of Bx Train Value+Speed of Arm 

-Speed of Ann X Train Value. . . . (58) 

This may be expressed by letters, thus, 

n=me-i-a—ae, (50) 

where Ji=the speed of the last wheel of an epicycHc train, 
m the speed of the first wheel of the train, a the speed of the 
arm and e the train value. 

120. Absolute and Relative Speed. Assume that C, Fig. 
152, i3 a gear carried by the arm A and pinned to .4 so that it 
cannot turn on its own axis. If -4 is caused to turn about S 
once, a reference mark V on C, which in the position shown 
is pointing downward, would point in every direction suc- 
cessively as A revolved and come finally to its present posi- 
tion when the arm had made a complete turn. 
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If C is meshing with another gear as in the case of the 
gears G and B in Fig. 151, and therefore rolls on its axis at 
the same time that the axis revolves, the reference mark 
would swing around and point to its original direction a 
number of times equal to the algebraic sum of the speed of 
the arm and the speed of C on its axis. This resultant 
number of times that the reference mark rctm'ns to its orig- 
inal direction, having in the meantime turned completely 




Fig. 152. 



over, is called the number of absolnie terms that C makes, 
or its absoluie speed. The speed of C on its own axis is called 
it>8 relative speed-. 

121. Solution of Problems on Epicylic Trains. Problems 
relating to epicyclic trains may be solved by the formula 
given in Eq, (59) or by a method sometimes called the tab- 
ulation method. 

Example 41. In Fig. 151 let S have 80 teeth, C 40 teeth, 
F 90 teeth and G 30 teeth. If B has a speed of 100 r.p.m. 
right-handed and A 60 r.p.m. left-handed, let it be required 
to find the speed of G. 

Solution No. 1, Using Eq. (59) let right-handed rotation 
be assumed plus. Then m=+100, «=— 60, e = |gX|g = 6, 
and since with the arm at rest G would turn in the same 
direction as B, the value of e is plus. That is c=-\-Q. 
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Substituting in Eq. (M), 
n=100X6+(-6U)-(-60X6)-600-60+360 = 'JOO. 

Solution No. 2. Using the talmlation method, the 
motions of B and of the arm arc assumed to take place 
successively instead of simultaneously, the gears are first 
assumed to be made fast to the arm so that there can be no 
relative motion. The arm is made to turn at the proper 
speed for a unit of time in the proper direction; all the gears 
will turn with it. Then the arm is held still and the first 
gear (in this case, B) is turned backward or forward enough 
to make its net number of turns equal to its known speed. 
These steps are tabulated as follows: 



Gears locked to arm . . —60 — 60 — GO 

Arm held still +160 160X 6 

-60 +100 960- 60 
= 900 
Example 42. In Fig. 153 let gear B have 24 teeth and 
C 18 teeth. If B is held from turning and the arm makes 1 



h 
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turn right-handed, let it be required to find how many abso- 
lute turns C makes. {See § 118.) 

Solution No. 1. Using Eq. 59, m=o, c = — J|=— J., 
a=+l (assuming right-hand rotation !a plus). Then, sub- 
stituting in Eq. (59), 7i = o+l-(-|), or, h=|. 
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Solution No, 2. Using the tabular method: 



Arm 



Gears locked to arm . . +1 
Arm held still 



B 
+ 1 
-1 



C 

+ 1 



Example 43. In Fig. 154 E is an annular gear which 
cannot turn, being fast to the frame of the machine. The 




Fig. 154, 



arm A turns about the shaft S which is also the axis of the 
gears B and E. B has 24 teeth, C 20 teeth, D 16 teeth, and 
E 96 teeth. Let it be required to find the speed of the gear 
B to cause the arm A to have a speed of 25 r.p.m. right- 
handed. 
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Solution. Assume S to be the first wheel of the train and 
assume right-handed rotation as + : 

Then referring to Eq. (59) n = o, a= +25, e=+U=+h 
Substituting these values in the equation, 



whence 



0=mXi+25-25Xi, 



-75. 



Therefore, B will have to have a speed of 75 r.p.m. left- 
handed to give the required speed to the arm A. 

Example 44. In Fig. 155, B and £1 are two bevel gears 
rumiing on shaft S, but not fast to it. Attached to the collar 




m^ 



Fio. 155. 

P, which is set screwed and keyed to S, is a stud T on which 
turns freely the gear D meshing with B and E. B and E 
are of the same size and 7* is at right angles with .S. J ia a 
gear having 25 teeth and driving the 40-tooth gear K which 
is fast to B. L is a 51-tooth gear driven by the 17-tooth 
gear H which is fast to E. It is required to 6nd the speed of 
L if / makes 40 r.p.m. N isa 45-tooth gear fast to the same 
shaft as J and drives the 20-tooth gear jW which is'fast to S. 
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Solution. The first step is to pick out those gears which 
are a part of the epicyclic train. These are evidently B, 
D, and E. The epicyclic arm is T. Assume B as the first 
wheel of the epicychc train, E the last wheel, and, letting 
m represent the speed of fi, n the speed of E, a the speed of S 
and e the train value between E and B. Also assume direc- 
tion in which J turns as positive. Using Eq. (59), 

«--l, 

m= — -J^X40 r.p.m.= —25 r.p.m., 

a=-HX40=-90. 

Then, substituting in Eq. (50), 

n=(-25)X(-l) + (-90)-((-90)X(-l)} 

= 25-90-90 

= — 155 r.p.m. = speed of E, 

Speed of /,= -155x(-i{) = 51§. 

Therefore, L has a speed of 51§ r.p.m. in the same direc- 
tion as J. 

Example 45. Aulomohile Transmission. Fig. 156 shows 
the arrangement of gears in the differential of an automobile. 
Shiift S is driven from the motor and has keyed to it the 
bevel gear D meshing with E which turns loosely on the hub 
of the gear H, the latter being keyed to the axle of the left 
wheel. E has projections on it which carry the studs T 
furnishing bearings for the gears R. There are several of 
these gears in order to distribute the load. The gears R 
mesh with G which is, as has been said, fast to the axle of 
the left wheel, and with K which is fast to the axle of the 
right wheel. When the automobile is going straight ahead 
D drives E and all the other gears revolve as a unit with E 
without any relative motion. As soon, however, as the car 
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starts to turn a corner, eay toward the right, the left wheel 
will have to travel further, and therefore the shaft B must 
turn faster than C. Then the gears begin to move relative 
to each other, the action being that of an cpicychc train. 

Example 46, Triplex Pulley Block. Fig. 157 shows a 
vertical section and side view with part of the casing removed, 




Fig. 156. 



of a triplex pulley block. • iS is the shaft to which the hand 
chain wheel A is keyed. Also keyed to S is the gear F 
meshing with the two gears E. The gears E turn on studs 
T which are carried by the arm B, the latter being keyed to 
the hub of the load chain wheel G. The gears C are integral 
with E and mesh with the annular D which is a part of the 
stationary casing. The mechanism is an epicyclic train. 
F is the first wheel of the train and has a speed imparted to 
it by the turning of the hand chain wheel A. The annular 
D is the last wheel of the train and does not turn. The 
train value is 

Teeth in /^ Teeth in C 

Teeth in £ Teeth in Z>' 

and is negative. Assuming one turn of A, the turns of the 
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aim B may be found, and. iberefoiv, the turns cJ 6. Hence, 
knowii^ the angular speed <^ A and its diameter, and the 
angular speed of- G and its diameter, the relative linear 




speeds of the hand chain and the li»»d ehain can be calcu- 
lated. The lo!>d will then lx> to the f».>iYe exerted on the 
band chain tis ihe s^xwl of iho hand chain is to the speed of 
the load chain, friction Ix-ing neglected. 
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122. Pulley Blocks. The ordinary pulley blocks, while 
differing from both the simple wheel trains and the epicyclic 
trains, partake somewhat of the characteristics of both and 
can logically be discussed at this point. 

The mechanical advantage of a hoist is the ratio of the 
weight which can be lifted to the force which is exerted, 
friction being neglected. 

The action of pulley block hoists and the method of 
calculating the weight which can be Ufted by a known force is 
best illustrated by the solution of a nimiber of examples. 

Example 47. Hoist with Two Single Sheave Blocks. In 
Fig. 158 the upper block A, known as the standing block, is 
suspended from a fixed support. The rope is made fast to 
the casing of the upper block, passes around the sheave in 
the lower block and up around the sheave P which turns 
about the axis S in the tipper block. It is required to find 
the force at F necessary to raise a weight W of 100 lbs. sus- 
pended from the lower block. 

Solution, From the principles discussed in § 12 it can be 
seen that the force at F is to the weight W as the Unear speed 
of W is to the linear speed of the rope at F, The problem 
then becomes one of finding the speed ratio of W and F, 
Assume that W is lifted 1 ft. by some external force with the 
rope at F not moving. Then 1 ft. of slack rope would result 
at R and another foot of slack at T, giving a total of 2 ft. of 
slack which must be drawn over to F in order to keep the 
rope tight. Therefore, the linear speed of F is to the linear 
speed of TT as 2 is to 1. Hence, F is to TT as 1 is to 2, or 
F= iTF= 50 lb. 

Example 48. Hoist with One Single Block and On 
Double Block. The hoist shown in Fig. 159 has the part 
of the rope which is marked T made fast to the lower block; 
it then passes over a sheave In the upper block, comes down 
at R and passes under the sheave in the lower block, then 
up at P over a second sheave in the upli)er block and off 
atF. 



\ , 



1S2 



PRINCIPLES OP MECHANISM 



It is required to find the mechanical advantage of this 
hoist; that is, the ratio of the weight W to the force at F. ' 

Solution. Applying the same method used in example 47, 
shows 1 ft. of slack in each of the three parts R, T, and P, 
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or a total of 3 ft. which must be drawn off at F if IT is lifted 
1 ft. by an external force. Therefore, 

F 1 
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Example 49. " Luff on Luff." Fig. 160 shows a com- 
bination of two sets of pulley blocks, the rope F of the first 
set being made fast to the moving block of the second set. 




'W///////M/^//''//^///^M 



SdtiHon. The mechanical advant^e of each set is 
found as in the previous examples. Then the product of 
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zbik rirc vUL he * he T.i*trr.AriraI 3ti7?uit3e& of xbe eniTThffnarign. 
Hie first: set in i±is ease h^s s mectanical ^draziGace' of 3. 
atnd the aeeonrf act of 4; ;ifcerrfore rihe cocibiiiacmi has a 
ouiftfcanieal adrantacf of 12. If tiie hrcfc J5F were snaidied 
tr> & .%t^,ii^cukr7 sippori: ftzid the loeui appQed to theiiaok £*. 
the suirstntMe of liie stksh woald be If*. 

FTamifie SOl "^ Spand^ Biutanr If the wo^t IT (T%. 
161; is lifted I ft., a foot of daick is canaed st both P aodlf. 





Fig, 161, 



Fig. 162. 



The foot at P is carried over to T which, in turn, causes a 
foot of slack in both If and F: this makes a total of 2 ft. of 
slack in R which must be drawn over to F in addition to the 
1 ft. already given to F from T. Therefore. 3 ft. must be 
taken up at F for everj- foot that IT is lifted. Then the 
mechanical advantage is 3. 
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123. Westqn Differential Pulley Block. Fig. 162 shows 
^, chain hoist known as the Weston Differential Pulley Block. 
The two upper sheaves A and B are fast to each other. 
The diameter of A is a little larger than the diameter of B 
and it is the ratio of these two diameters which governs the 
mechanical advantage. 

The diameter of the lower sheave C is usually a mean 
between the diameters of the upper ones in order that the 
supporting chain may hang vertically. This feature is not 
of great importance, and the diameter of the lower sheave 
has no effect on the mechanical advantage. 

The chain is endless, passing over A, down at ^2, imder C, 
up at P, around B, and hanging loose. The lifting force is 
applied at F, The sheaves are so shaped that the links of 
the chain fit into spaces provided for them to prevent slipping. 

The operation of the hoist may be seen from the following: 

Let Ba represent the pitch diameter of the sheave A, 
T>h the pitch diameter of the sheave B, Assume that the 
chain is drawn down at F fast enough to cause A to make 
one complete turn in a unit of time; that is, F has a speed of 
TrDa linear units. This would give an upward speed to the 
chain at R of ttDa linear units. Then, if B were not turning 
the sheav9 C would roll up on P, its center rising at a speed 
equal to one-half the speed of the chain at 22; that is, the 
center of the lower sheave, and therefore the weight TF, 

would rise at a speed of —^ linear units. But, at the same 

time that R is rolling C up on P the pulley B is turning at 
the same angular speed as -4., and therefore paying out chain 
at P at the rate of ttA linear imits per imit of time. This 
causes C to roll down on 22 at a speed such that its center is 

lowered at a speed of -^ linear units. The resultant up- 
ward speed of the center of C is, therefore, 
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Since the speed of F is irDa the ratio of the speed of F 
to that of W is 

T{Da-Dt) Da- Ik' 
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124. Four-bar Linkage. Fig. 163 shows in a Simple form 
a mechanism known as a four-bar linkage. £ is a fixed 
piece, such as the frame of a machine. A and T> are shafts 
having their bearings in E, The piece F, called a cranky is 
keyed to A. H is a similar crank keyed to D. The outer 
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ends of F and H are connected to each other by the canr 
neding rod K and the crank pins B and C. B may be made 
fast to K and be free to turn the hole in F or it may be fast 
to F and free to turn in K, Similarly, the pin C may be 
free to turn in either H or K. 

If shaft A is caused to revolve, the crank F will revolve 
with it, the center of the pin B moving in a circle whosi^ 

1&7 
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center is the 'center of A, This movement of B will, through 
the connecting rod JSl, cause the pin C to move, and since C 
can move only in a circle about the center of D the crank B. 
will be caused to turn, turning Z) with it. Each one of the 
pieces E^ F, JSl , and H is called a Knfc, and the whole system is 
called a four-bar linkage. 

It is convenient, in studying linkages, to indicate them 
by the center Unes of the links, as shown in Fig. 164, which 

tK 



Fixed @ 
Axis A 





Fig. 164. 



represents the same Unkage as that shown in Fig. 163. 
The line joining the centers of the two stationary axes A 
and D is called the line of centers, the center lines AB and 
DC joining the stationary axes to the centers of the crank 
pins are called the center lines of the cranks, and the line 
joining the centers of the crank pins B and C is called the 
cenier line of the connecting rod or line of connection, 

125. Relative Motions of the Links. In the four-bar 
linkage shown in Fig. 165, A and D are the stationary axis, 
AB and DC the cranks and BC the connecting rod. If the 
crank AB turns from the position shown in full lines to the 
right-hand dotted position — that is, turns through the angle 
BAB\ — the pin B will travel over the arc BBi. This will 
cause the connecting rod to move and push the pin C along 
its path to Ci. 

It is apparent from the figure that the length of the 
arc CCi is not equal to the length of the arc BBi, In other 
words, with the several links having the relative lengths as 
here shown, the linear speeds of the crank pins will differ. 
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If, furthermore, B is moved to B2, C will move to C2. Now 
the arc BB2 is made equal to BBiy but CC2 is evidehtly not 
equal to CCi. This construction, therefore, suggests that if 
the crank AB is turned with imiform angular speed so that 




FiQ. 165. 

the crank pin B has a uniform linear speed, the crank pin C 
has a varying Unear speed and the crank DC a varying an- 
gular speed. It should be observed that the motions of 
the, links of a specific four-bar linkage relative to each other 
are always the same whichever of the four links is the sta- 
tionary one. 

It is the purpose of the present chapter to discuss methods 
of determining the relative linear speeds of different points in 
four-bar linkages and also the relative angular speeds of the 
links. 

126. Graphical Representation of Linear Velocities. For 
convenience in graphical work in connection with the study 
of velocities it is customary to represent the velocity of a 
point by a straight line whose direction and length indicate 
the direction and magnitude of the velocity of the point. 
For example, let it be assumed that the block M (Fig. 166) 
is sliding to the right on the guide, at the rate of 1 ft. per 
second. If it is desired to represent the velocity of any 
point A on this block by a line, any unit of length may be 
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assumed to represent 1 ft. Suppose 1 in. to the foot is 
chosen as the convenient scale, then a line 1 in. long is 
drawn from A toward the right with an arrowhead at its 
end pointing to the right. If, now, another block N is 
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Fig. 166. 



moving to the left at a speed of J in. per second, the velocity 
of any point B on this block will be indicated (if the scale is 
to be the same as that used for A) by a Une f in. long pointing 
to the left. 

127. Direction of Velocity of a Point Moving in a Curved 
Path. A point which is moving in a straight Une has a 
velocity whose direction remains unchanged so long as the 
point continues to move along that line .without returning 
over the same path. A point on a body which is moving 




Fig. 167. 



over a curved path has a velocity whose direction is con- 
stantly changing. 

At any given instant , the direction of the velocity of a point 
which is moving along a curved path is tangent to the curve 
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al the place where the moving ■poird is at the instant in questioji. 
This is true because if the force which constrains the body * 
to move in the curved path be suddenly removed the body, ' 
and therefore every point on the body will continue to 
move in a straight line tangent to the curve. This principle 
is roughly illustrated by whirling a atone attached to a 
string and suddenly letting go of the string. 

In Fig. 167, f is a crank revolving right-handed, A being 
the axis and B the cent<>r of the crank pin. The point B 
at this instant is moving in the direction indicated by the 
line Bb drawn perpendicular to AB. When the crank has 
turned so that its center line AB occupies the position ABi 
the direction of the center of the crank pin is indicated by the 
line Si&i drawn perpendicular to ABi. The length of Bb 
or Bibi may be such as to indicate the magnitude of the 
velocity, that is the linear speed, the scale Ix'ing any con- 
venient one. 

128. Relative Linear Velocities of the Crank Pins in a 
Four-bar Linkage. Assuming that the crank AB (Fig. 168) 
is turning at such an angular speed that the crank pin B has 
a Unear velocity represented by the line Bb, let it be required 
■ to find the line which represents, at the same scale, the linear 
velocity of C. Since Bb indicates the velocity of B at the 
instant, B would, if not restrained by the crank, move to b 
in a unit of time. The same point would be reached if for 
a part of the unit of time B should have the velocity rep- 
resented by Be, moving along the line CB extended, to the 
point e which is the foot of a perpendicular let fall from 6 
to CB, then from e moving out along this perpendicular 
with a velocity represented by eb. That is, the actual 
velocity of B may be considered as the resultant of two other 
velocities, one in the direction of the line CB and the other 
at right angles to that line. These two velocities, which 
are considered as composing the actual velocity, are called 
components of the actual velocity. 

Although B does not actually go to 6 its tendency at the 
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instant is to go there in a unit of time, and its tendency to 
move along the line CB is such that, if there were no com- 
ponents at right angles to CBj it would go to e in a unit time. 
It is this tendency of B to move along the line CB, that is, 
the component of Bb along the line CB which causes C to * 
move, and since CB is a rigid rod which can be neither 




Fig. 168. 



lengthened nor shortened, C must have a component velocity 
(or tendency to move) along the line CB equal to that of B, 
that is, equal to Be. The actual direction of the velocity of 
C is along a line Ift perpendicular to DC. Then, to find the 
velocity of C lay off Cf equal to Be and through / draw a 
Jjno perpendicular to CB meeting Ck at h. Ch then rep- 
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resents the velocity of C at the same scale at which the 
velocity of B is represented. For example, if Ch is fomid to 
be three-fourths as long as Bh, it would mdicate that at that 
instant C has a velocity which is three-fourths of that of B. 

129. Instantaneous Axis of Connectiiig Rod. The dis- 
cussion in the preceding paragraph shows that one end of 
the connecting rod in Fig, 168 is movmg at the inatant in 
the direction Bb, perpendicular to AB, while the other end 
is moving in the direction Ch, perpendicular to DC. The 
direction of B would be the same wherever the axis of rota- 
tion were located on the line AB or AB extended. Simi- 
larly, the direction of C would be the same wherever its axis 
of rotation were located on DC or DC extended. Hence, 
both these points B and C might be treated for the instant 
as if they were turning about the point which is common 
to AB and DC, that is, their point of intersection 0. B 
and C are points on the connecting rod BC, as well as on the 
cranks, therefore, the whole rod BC may be treated for the 
instant as if it were turning about as an axis. The point 
is called the instantaneous axis of BC. The principle is 
the same as if the connecting rod were made fast to a wheel 
which, for the moment, is turning about as an axis. It 
follows that the velocity of C is to the velocity of B as OC 
is to OB. 

This law may be stated thus: 

The linear velocities of any points c:i the connecting rod 
of a four-bar linkage are to each other as their respective dis- 
tances from the instantaneous axis of the rod. . . . (60) 

130. Centroid. If the position of the instantaneous axis 
of a connecting rod or other moving link ia found for a series 
of positions through the entire cycle of motion of the linkage, 
and a smooth curve is drawn through these different posi- 
tions of the instantaneous axis, the cune thus found is called 
the centroid of the link in question. Some of the properties 
of centroids and the uses made of them will be taken up later 
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in f'/^nt^U^ with certain special examines of four-bar 

131. Relathre Angular Speeds of Ae Cranks. Referring 
Up V'tf/i. \ft^, tiif; angular speeri of .4B expressed in radians is 
4'/\ufi\ Uf tii#T linrrar npf^^l of B-7-the length of AB (see Eq. 3). 
'V\u^fzU9Tiif mwM hb represents the linear speed erf B, 

Angular speed of AB = -j^. 
Hiinilarly, 

Ph 

Angular speed of DC=j^^ 
or 

Angular spcH Kl of DC DC Ch AB 
Angular" HjKJod of Ai? j^ Bb^DC ' ^^ 

AS 

Now triimglo cBb is similar to triangle mAB since -AB is 
porpondicular to Bb and Am is perpendicular to Be, 

Be^Am 

WAB' 
or 

Bb = Bex4^. 
Am 

Sinulurly in tho triangles /('/» and nDC, 

Cf^Dn 
Ch DC 
or 

Sul^tituting tht'«!«.» vahios for lib and Ch in Eq. 61 gives 

Vuwbr s|HH\l of /H- -^Ihi AH ^ Cf DC Am AB 
Au»iubrsiH>Hlof.i/> ,. , .l/> /H" Bt-AB^Dn^DC' 

Am 
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but Cf is equal to Be by construction, therefore the equation 

becomes 

Angular speed of DC Am 



Angular speed of AB ^Sf^ 



(62) 



V^ 




Fig. 169. 



This law may be stated in words as follows: 

The angular speeds of the cranks of a four-bar linkage are to 
each other inversely as the lengths of the perpendiculars from the 
axes of the cranks to the center line of the connecting rod, (63) 

132. Wheel Rolling on a Track. Let B, Fig. 169 be the 
center of a wheel resting on a track at the point A, If a 
pull is exerted at the center along the hne Bb, parallel to 
the track, B will move in the direction Bb, The effect is 
the same for the instant as if AB were a crank turning about 
A as an axis and since AB is an imaginary line on the wheel, 
the whole wheel becomes a crank turning about A as an axis. 
In other words: 

Any body, which is rolling on a stationary body, has for an in- 
stantaneous axis the point of contact between the two bodies, (64) 

Any other point on the wheel, as Ej must at the instant 
in question be moving about A as an axis, and therefore 
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the direction of the velocity of E ib Ee perpendicular to the 
line AE. The magnitude of this velocity is to the mag- 
nitude'of the velocity of B as AE is to AB, 

This velocity Ee is made up of rotation about the center 
B of the wheel combined with a velocity parallel to the track 
equal to the velocity of B, That is, the real velocity Ee 
may be considered as consisting of the components Eg 
(which is equal and parallel to Bl>) and Ef perpendicular to 
BE and of such magnitude that the figure gefE is a parallel- 
ogram. 

133. Typical Problems Dealing with * Velocities. The 
fundamental principles governing the relative velocities of 
points on four-bar linkages and other moving bodies have 
been outlined in the preceding paragraphs. The only way, 
however, to understand these principles clearly and to 
become proficient in applying them to actual mechanisms 
is to study carefully a number of examples illustrating the 
diflFerent cases. Some of these examples involve special 
appUcations of the four-bar linkage which will be analyzed 
later, but are introduced here merely as examples in veloci- 
ties, and no attention need be given at this time to their 
connection with the four-bar linkage. 

Example 61. In Fig. 170 let AB and DC be the center 
lines of the cranks of a four-bar linkage, A and D being the 
fixed axes. Let the linear velocity of the crank pin B be 
represented by the Une Bb perpendicular to AB, It is 
required to find the Unes which shall represent at the same 
scale, the linear velocities of the crank pin C and of any 
point E on the center line of the connecting rod. 

SoliUion, Resolve the velocity Bb into the two com- 
ponents Be and Br along CB and at right angles to CB, 
respectively (see § 128). Make Cf equal to Be and through / 
draw a line perpendicular to CB meeting, at fe, a perpendic- 
ular to DCy drawn through C Then Ch represents the 
velocity of C. 

To find the velocity of E it is necessary to find, first, the 



LINIfS AND LINKAGE 



197 



direction in which E is moving at the instant. This is done 
by finding the instantaneous axis of CB (see § 129). AB 
and DC are produced until they meet at 0, which is, there- 
fore, the instantaneous axis of CB, OE is next drawn, and 




Fig. 170. 



the direction of the velocity E is along a line Em perpendicu- 
lar to OE, The magnitude of this velocity is found by laying 
off En equal to Be and drawing a line through n perpen- 
dicular to CB meeting Em at K. EK is the required line 
representing the velocity of E. 

Example 52. Fig. 171 shows in a diagrammatic form the 
crank, connecting rod and crosshead of a steam engine. Let 
Bb represent the velocity of B, It is required to find the 
velocity of the center C of the crosshead pin and of a point 
E on the center Une of the connecting rod. 

Solution, Bb is resolved into components along and at 
right angles to CB givii:ig Be as the component along CB, 
Make Cf equal to Be. Now C is moving along the line NM 
parallel to the guides. Therefore, the velocity of C is Cfe, 
found by drawing a perpendicular to CB at / meeting NM 
at h. 
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Fig. 171. 



Knowini^ the ptmtum of this instantaneoas axis the Telocity 
of E can he found as in the preceding example. 
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Fig. 172. 



ie-MfnpU> 53. In Fig. 172 AB is a crank turning about A. 
The crank pin carries a block which works in a dot whoee 
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center line is MN. This slot is in the T-shaped head of the 
slider S which moves in the guides G. HF is the center line 
of the guides and MN is at right angles to HF. If Bb rep- 
resents the velocity of B, let it be required to find the velocity 
with which S is moving in the guides and also the rate at 
which the block is slipping in the slot MA''. 

Solution. The component of Bb which is parallel to HF 
will indicate the rate at which the block is causing ihc slot 
to move, and the component of Bb which is parallel to MN 
wUl indicate the rate at which the block is shpping in the 
slot. Therefore Bb is resolved into the two components Be 
and Br (or eb) parallel to HF and MN, respectively, giving 
Be as the velocity of S and Br (or eb) as the rate of shpping 
of the block in the slot. 

The correctness of the above solution can be understood 
if it be assumed that the point B is actually allowed to go to 
b and that instead of going over the path Bb it moves first to 
e along Be parallel to HF. In order to go there and still 
remain in the slot it must move the center line MN along 
with it mitil MN passes through e. Then B moves up along 
eb parallel to MN until it reaches fc. This latter motion, 
since it is parallel to the slot does not move the slot at all, 
but is simply a motion of shpping in the slot. Of course B 
does not actually go to b, since it is constrained to move in a 
circle about A and the next instant the direction of the 
velocity of B will be different and the rate of slipping and 
the velocity of iS will have changed accordingly. As has 
already been pointed out, however, the velocities and 
directions shown in the figure are the ones which obtain for 
the instant when the mechanism is in the position shown. 

Example 54. Fig, 173 shows a mechanism exactly the 
same as that shown in Fig. 172, except that the center line 
MN is not at right angles to HF. The method of solution 
is the same as described in the preceding example. 

Example 66. In Fig. 174, AB is a crank turning about 
the fi-ted axis A. The crank pin whose center is B carries a 
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block working in a slot in the long arm which turns about 
the fixed axis G. The i;enter line MN of this slot paasps 
tlirougii G. If Bb represents the velocity of B, let it be 
required to find the veloiuty of a point H on the swinging 
arm, on the center line MN. 

Solution. The velocity of H Is, of course, the result of 
an angular speed of the ami caused by the motion of the 
block. This problem might be solved by the principle of 
the four-bar linkage and will be so analyzed later. At this 
point, however, it will l)e treated by means of the principles 
of resolution of velocities. Let it be Eissunied that the slot 
is covered on the back by a strip, as shown. Then a point Bi 
on this strip which is directly in line with B is turning about 
llie center G. It is necessary, first of all, to find the linear 
velocity of Bi. Bb is resclved into two components, Be 
and Br (or eb). Be is along the dii'ection in which fii is 
moving, that is, perpendicular to BG. eb is parallel to the 
center hne of the slot; the figure Bebr, as in the previous 
cases, being a parallelogram. Be then represents the velocity 
of Bi. The velocity of H is to Be as GH is to GB. Since 
GB a.nd-H are in a straight line the above proportion can be 
made graphically by drawing from G a straight line through 
e meeting at k the perpendicular to GH through H. The 
triangle GBe and GHK are sunilar, therefore UK is to Be 
as GH is to GB. Hence HK is the required velocity of H. 

Example 66. Fig. 175 shows a mechanism similar to that 
in Fig. 174, except that the center line of the slot does not 
pass through G. 

Solution. The principles involved irl the solution are 
the same as those described for Example 55. The compo- 
nent Be is perpendicular to GB and not to MN. H has a 
velocity perpendicular to GH and bearing the same ratio to 
Be that GH bears to GB. The similar triangles can be 
constructed by laying off on GH a distance GB2 equal to GB, 
drawing B2L perpendicular to GB2 and equal in length to 
Be, then drawing from G through L to meet the perpendicular 
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to GH through H at K. HK is then the required velocity 
of H. 

Example 67. The mechanism in Fig. 176 is the same as 
that in Fig. 175, except that the elot is curved instead of 





Fig. 175, 
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straight. The method of Bolution is the same. The only 
new point to be noticed is that the line Br is tangent to the 
center line of the slot at B (see § 127). 

134. Parallel Crank Four-bar LuJiage. In Fig. 177, the 
crank AB is equal in length to the crank CD and the line of 
centers AD is equal to the connecting rod BC. The center 
Jines of the linkage thus form a parallelc^am in every posi- 
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tion, provided the cranks turn in the same direction. There- 
fore, the perpendicular Am and Dn are always equal and the 





Fixed Axis 



Fixed Axis 



Fig. 177. 



two cranks are always turning at the same angular speed 
(see § 131). A famiUar example of this Unkage is furnished 
by the cranks and parallel rod of a locomotive. 

136. Non-Parallel Equal Crank Linkage. In the linkage 
shown in Fig. 178, AB is equal to CD and AD is equal to BC. 
Provision is made, however, to cauSe the cranks to turn in 
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opposite directions; in which case the perpendiculars Am 
and Dn do not remain equal to each other. Therefore, if 
the crank AB turns with uniform angular speed, the crank 
DC has a varying angular speed, although both make one 
complete turn in the same length of time. 

136. Centroids of Links in Non-Parallel Linkage. If in 
the linkage in Fig. 178, AD being the line of centers, the 
centroid of BC is drawn (see § 130) it will be foimd to be an 
hyperbola. Similarly, if BC is considered to be the line of 
centers and the centroid oiADis drawn, this will be an hyper- 
bola like the former one. 
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If, on the other hand, DC is considered as the line of 
centers, and the centroid of AB is drawn, it will be found 
to be an ellipse with D and C as foci and with a major axis 




Fig. 179. 

equal to AD or (BC). In a like manner, when AB is the line 
of centers, the centroid of CD is a like ellipse with A and B 
as foci. These ellipses are shown in Fig. 179. 

It is possible to prove the truth of the above statement 
mathematically, but the proof is long, and the graphical 
construction is sufficient for present purposes. 

Now, let it be supposed that two equal gears M and N 
are made whose pitch lines are the ellipses shown. Let one 
of these gears be pivoted at the focus A and the other gear 
at the focus D, P being the pitch point or point of contact 
of the two pitch lines. Then, if the lines AB, BC, CD, 
and DA are drawn on the gears and one of the gears, say ilf , 
is caused to turn, it will be found to turn the other gear and 
the lines AB and DC will revolve as cranks of the four-bar 
linkage, while .the line BC will be found, at all times, to pass 
through the point of contact of the pitch ellipses of ihe gears. 
In other words, the four-bar linkage has been given the form 
of a pair of gears. 

Elliptic gears designed on this basis have been used 
to drive the rams of machine tools, such as slotters, so as to 
give a slow cutting stroke to the tool, and a quicker return 
stroke. In applying the gears for such a purpose one of 
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them, as for instance, ilf , is on a shaft at A driven at a uni* 
form speed from some external soUrce of power. The other 
gear iV is on a shaft at D to which is attached the crank or 
othjer device for moving the ram. 

137. SUding Block or Engine Linkage. In Fig. 180, if 
instead of using a crank at DC the end of the connecting 
rod carries a block pivoted to it at C which slides back and 
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Fig. 180. 



forth in the circular slot as the crank AB revolves. The 
center of the slot is at D, the center of the ^rank pin C 
evidently has the same motion that it would have were it 
guided by a crank of length DC turning about D. The 
mechanism, therefore, is really a four-bar linkage with the 
lines AB and DC as center lines of the cranks AD, as the line 
of centers, and BC as the center line of the connecting rod. 
Let it now be supposed that the slot is made of greater 
radius than that shown in the figure, for example^ with. \t& 
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center at Di. Then the equivalent four-bar linkage would 
be ABCDi. 

Carrying the same idea still further, let the slot be made 
straight. Then the equivalent center D would be at an 
infinite distance away. The mechanism, however, would 




Fig. 181. 
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still be the equivalent of a four-bar hnkage, as shown in 
Fig. 181, where AB is one crank, the line through C per* 
pendicular to the slot is the other crank, EC the connecting 
rod, and a line through A parallel to the crank through C 
is the Une of centers. 

Fig. 182 shows the special form in which this linkage 
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commonly occurs, where the center line of the slot passes 
through the center of the shaft A. This is the mechanism 
formed by the crank shaft, crank, connecting rod, cross- 
head and crosshead guides of the reciprocating steam engine. 
Linear Velocity of Crosshead. It is convenient to be able 
to determine the velocity of the crosshead, and hence of 
the piston, of a steam engine for different positions of the 




Crosshead Pin 




Fig. 183. 



stroke when the velocity of the crank pin is known. This 
may be done by means of a mathematical equation. For 
practical purposes, however, a graphical construction is 
sufficiently accurate. In Fig. 183 

Linear velocity of C _0C 

Linear velocity of B OB' - - - \ ) 

Through A draw a line perpendicular to the center line 

AC, and extend the center line of the connecting rod to cut 

this line at m. Then, the triangles OCB and mBA are sim- 

„ OC Am 

liar. Hence, q3~~T£' 



Substituting this in Eq. (76) gives 

Linear velocity of C Am^ 
Linear velocity of B AB^ ' 



. . (66) 
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or in words, The linear velocity of the crosshead or piston of a 
steam engine is to the linear velocity of the crank pin as the 
distance between the crank shaft and the point where the con- 
necting rod cuts the perpendicular through the center of the 
crank shaft is to the length of the crank (67) 

Displacement of Crosshead. To find the distance which 
the crosshead is from the end of its stroke for any known 
position of the crank the following simple construction is 
used. In Fig. 184, A is the center of the crank shaft, AB 



."4-. 



B 




Fig. 184. 

the crank. Let it be required to find the displacement, 
from the end of the stroke, of the crosshead when the crank 
is in the position shown. Draw a circle with A as a center 
and a radius AB. This circle is the path of the center of 
the crank pin. From the points R and S where the crank- 
pin circle cuts the main center line, with a radius equal to 
the length of the connecting rod, cut the center line at Ci 
and C2. These points are the two extreme positions of the 
center of the crosshead pin. From B with a radius equal to 
the length of the connecting rod cut the center line at C 
Then C is the position of the center of the crosshead pin 
when the crank pin is at B, and if the crank is turning left- 
handed the crosshead has moved the distance CiC from its 
extreme position. 

If the motion of the crosshead were harmonic (see § 11), 
its displacement would be equal to RKy where K is the foot 
of a perpendicular let fall from B to the center line. 
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It is apparent that C^C is not equal to RK. In other 
words, with the crosshead connected to the crank pin by a 
connecting rod of ordinary length, the crosshead does not 
move with harmonic motion if the crank pin turns at uniform 
speed. It will be found, however, that the longer the con- 
necting rod for a given length of crank, the less the motion 
of the crosshead varies from harmonic motion. 

If a device similar to that shown in Fig. 185 b used, in 
which a rigid rod is attached to the crosshead, this rod having 
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a slot in it at right angles to the line of motion of the cross- 
head and embracing a block pivoted on the crank pm, then 
the crosshead would have harmonic motion if the crank 
turned at uniform speed. 

This device is the equivalent of a connecting rod of 
infinite length, and the whole mechanism may be thought of 
as a four-bar linkage in which only one of the links, namely, 
the crank AB, is a finite quantity. The line of centers and 
the infinite connecting rod are indicated in the figure. The 
other crank is an inu^inary line parallel to the line of centers 
at an infinite distance away. 

138. Swinging or Rocking Block Four-bar Linkage. Re- 
ferring to Fig. 182, if, instead of considering the piece T ss 
the stationary piece, giving the four-bar linkage as there 
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indicated, the piece BC is made stationary, the linkage 
becomes that shown in Fig. 186. Here BA is a crank but B 
is now the crank pin. The pin C is a fixed axis with the 




Fig. 186. 
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Fig. 187. 



block swinging on it. As the crank BA revolves the piece T 
oscillates and, at the same time, slides back and forth over 
the block. 

This mechanism is applied in a modified form as a quick 
return motion in certain machine tools, particularly shapers. 
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Fig. 187 is the eame as Fig. 186, drawn with the line BC 
vertical and with the piece T extended with a connection at 
N to drive the ram of the shaper. The apparent objection 
to using the mechanism in this form is that the point N 




Fia. 188. 



moves -up and down at the same time that it swings. Now, 
the only real purpose of the sliding of the piece T over the 
block is to allow the distance between A and C to change 
as the crank BA revolves. This is accomplished equally 
well if the block is pivoted on the pin A and the arm T 
swings on a pin at C, as shown in Fig. 188. Fig. 189 shows 
one way in which the mechanism is actually used. The 
crank BA is in this case the gear M. A being a pin fast to 
M and carrying a block which works in a slot in T. M is 
driven by the pinion K. The link H connects N to the ram 
R which carries the cutting tool. The length of the crank 
BA may be changed by turning the screw S, thus changing 
the length of stroke of the tool. 

139. Whitworth Quick-return Mechanism. If BA (Fig. 
182) is made the fixed link, the four-bar linkage becomes that 
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shown in Fig. 190. It will be noticed that this is similar in 
appearance to the swinging block mechanism shown in 
Figs. 187 and 188, except that in this case the driving crank 
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Fig. 190. 



is longer than the line of centers, so that the piece T makes 
a complete revolution when BC tm'ns once, whereas the arm 
T in Figs. 187 and 188 merely oscillates. The linkage in 
Fig. 190 is also used as a device for driving the ram of a 
shaper and is given the name Whitworth Quick-return 
Mechanism, 

140. Pantograph. Fig. 191 shows a device known as a 
pantograph. It is essentially a four-bar linkage with only 
one point fixed. AD is equal to BC and AB is equal to DC. 
The points A, JS, and F are on a straight line, F being on a 
prolongation of DC. If F is moved to Fi along the straight 
line FFiy E will move to Ei along the line EEi. The length 
of EEi is to the length of FFi as AE is to AF. Similarly, if 
F is moved to Fi along the curved path, E will follow a path 
which is an exact duplicate of the path of f , except that it is 
reduced in the ratio of AE to AF. Fig. 192 shows another 
pantograph in which K is the fixed axis and H, E and F 
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are moving points, all on a straight line passing through K. 
If any one of these points is moved over a certain path, each 




Fixed Axil 



Fig. 191. 

of the others will move over a similar path, increased or 
reduced in the ratio of their respective distances from the 




Fig. 192. 



center. The pantograph is used for copying maps and other 
drawings at reduced or enlarged scales. 
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PROBLEMS PPR SOLUTION 

Abbreviations: — r.p.m. =revolution8 per minute, r.p.s. ^revolutions per second. 
I.v. = linear velocity or linear speed, a. v. = angular speed, dia. = diameter, ft .p.m. = 
feet per minute, ft.p.s. =:feet per second. R.H. —right handed. L.H. =left handed. 

1. The flywheel of a steam engine is 6 ft. in diameter and turns 
at the rate of 300 r.p.m. 

(o) What is the I.v. of the surface of the wheel in feet per minute? 
(6) What is the a.v. in radians per minute? 

(c) How many inches from the center is a point which has a I.v, 
of 31,416 inches per minute? 

2. A pulley 30 in. dia. has an a.v. of 40 radians per second. How 
many r.p.m. does it make and what is the I.v. of its outer surface in 
ft. p.m.? Another pulley on the same shaft has a surface speed of 
50 ft. p.s. What is its diameter? 

3. An emery wheel 12 in. dia. has a surface spe^d of 5500 ft. p.m. 
How many r.p.m. does it make? What is its a.v. in radians per 
second? 

4. The I.v. of two points on a disc revolving at the rate of 330 
r.p.m. are 600 inches per second and 2000 ft. p.m. respectively. How 
far are these points from the axis? 

5. AB = 12 in., ilC=8 in. If the bar BC turns about A at the 
rate of 12 r.p.s. what is its a.v. in radians per second? 

What is the I.v. of B and of C in inches per second? 

6. The shaft of a milk separator has an angular 
' velocity of 6283.2 radians per minute. How many 

r.p.m. does the shaft make? How many inches from 
the center is a point on the bowl having a 1. v. of 
3927 ft. p.m.? 

7. In turning steel shafting a cutting speed of 80 ft. 
p.m. is allowable. How fast must a piece of 6-in. shaft 
turn to give this speed? 

8. The Pelton water wheel shown in the figure is driven by a jet 
of water having a velocity of 90 feet per second. The I.v. of the 
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center line of the buckets is 0.6 that of the water. What is the diameter 
in inches to the center line of the buckets if the wheel is fast to a shaft 
that turns 100 r.p.m.? 




Prob. 8. 




Prob. 10. 



9. The difference between the linear velocities of two points on a 
radial line drawn on the side of a revolving disc that turns 100 r.p.m. 
is 2513.28 in. per minute. Find the distance between the points. 

10. Two discs A and B are rotating on the same axis in the direction 
indicated by arrows, but at different speeds. A has an a.v. of 75 
radians per minute, while B make 12.74 r.p.m. 

Calculate the munber of degrees that the reference 
marks C and D will be apart after B has made 
30 complete revolutions. Make a sketch showing 
their relative position at that time. 

11. Two axes A and B are 8 in. apart. A is to 
make 10 revolutions R.H. while B makes 30 revo- 
lutions L.H. Find radii of rolling cylinders to con- 
nect them. (Calculate and solve gj^aphically.) 

12. Two shafts A and B are to be connected by cylinders in pure 
rolUng contact and to turn in the same direction. If the turns of 
B are to the turns of A as 3 to 8, and the axes are 4 in. apart, find 
the diameters of the two cylinders. Solve 
both graphically and by calculation. 

13. A and B are the feed rolls of a 
wood planer and C is the revolving cut- 
ter, 4 in. dia. D is a board being fed to 
the right by the feed rolls at the rate of 
20 ft. p.m. C turns L.H. at the rate of 
2000 r^p.m. What is the cutting speed? 

speed be if the cutter turned R.H.? 
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What would the cutting 
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14. Two BhaftB, Bi in. apart, are to be connected by a pair of cyl- 
inders in rolling contact, so that the shafts will turn in the same direc- ' 
tion. A point in the surface of the smaller cylinder haa a l.v. of S024 
in. per minute, and the lai^er cylinder has an a.v.of 62S radians per 
minute. What are the diameters of the cylinders and how many 
r.p.m. does the smaller cylinder make? 

IB. The shafts A and B are 10 in. apart and are to be connected 
by two rolling cylinders. A turns 150 r.p.m. and B 
turns 350 r.p.m., both cylinders turning as shown. 
Find diameters for A and B. Then, if diameter of 
B remains unchanged, and A is to turn 150 r.p.m. 
in the opposite direction to that shown, what ia 
the new diameter of A and how are the r.p.m. of B affected? Calcu- 
late and solve graphically. 

16. Two shafts A and B meeting at an angle of 30" are to be con- 
nected by a pair of cones so that B is to make SO turns while A makes 
30 turns. Find graphically the element of contact when the shafts 
turn in opposite directions and when they turn in the' same direction. 
If the diameters of the base of the smaller cone ia 1^ in. in each CEtse 
calculate the diameter of the base of the larger cones and then draw 
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17. Two shafts A and B meeting at an angle of 105° are to be 
connected by a pair of cones in external contact so that the a.v. of 
A is three-fourths the a.v. of B. Find graphically the element of 
contact and indicate the relative direction of rotation of the two 
shafts. Assume a base diameter 
of 4 in. for the smaller cone, cal- 
culate the diameter of the base of 
the larger, and draw the cones to 
scale. j_^'' j 

18. Referrii^ to Fig. 24, pa«e T 
2S of the text, disc F is 3 in. T 

diameter and shaft T turns 600 -* 

r.p.m. How large must disc H be 

made to give a rauge of speed of 

shaft S, attached to H of 200 to 

2000 r.p.m.7 How far in on H 

must F move to give this range? 

How far must F be moved to the 

left of the center of H to give a speed of 13 

direction? 

19. A and B are two parallel ahafta 
carrying 



the same vertical plane, 
their ends two cybndrical discs 2 ft. diameter. The disc 
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C ia 6 in. diameter and ia on a Tertical shaft ii 

and B. C may be held in different positions on its shaft. 

at a ranetant speed of 00 r.p.in. as shown. How many r 

B make and in what direction when C ia (a) 4 in, above shaft A, (byU 

4 in. below shaft A, (c) 6 in. below shaft At 

20. A and B are two shafts at right an 
plane. C is a disc carried by a supporting 
yoke on a horizontal shaft arranged so 
that C ia always in contact with the equal 
conoids on A and B. A turns at a con- 
stant speed of 60 r.p.m. What is the 
maximum speed of B? What is the mini- 
mum speed of B? What is the speed of B 
when the yoke BUpporting C has turned 
30° from its present position? 

21. Involute gears 2 Pitch 22^° obliquity. A 14-tooth pinion i 
turning clockwise is to drive a 20-tooth pinion. Addendum is A i" 
clearance is ^ in., width of tooth is equal to width of space,'-no baclc-l 
lash. Draw the pitch, liose, root and addendum circles and shovV 
the path of contact and the angles of approach, recess and action. T 
Could the arc of approach equal three-fourths Ihc circular pitch, % 
and could the arc of recess equal the circular pitch, disregarding the I 
given addendum? Why? Show clearly. Draw one complete tooth I 

22. Involute gears 3 pitch, 15° obhquity. A pinion with 18 teeth I 
is to drive a rack. The addendum on the rack is to be as much aa.l 
the pinion will allow. The addendum on the pinion is to give an arc | 
of recess of li times the circidar pitch Draw the pitch, base, root J 
and addendum circles of the pinion and the addendum and root lines i 
of the rack, and show the path of contact it the pinion drives left" [ 
handed. The 18-tooth pinion is also to drive an annular of 36 teeth, J 
the addendum on the annular to be as much as the pinion will allow. 1 
Draw the pitch, base, root, and addendum circles for the annular I 
on the side of the IS-tooth pinion opposite to the rack. All clearances 1 

23. {a) An involute gear of 15° obliquity, 30 teeth, 2 pitch, ia to 1 
have arcs of approach and recess each equal to the circular pitch. I 
Clearance -^ in. Draw two complete teeth. Indicate angles of ap^ ■ 
proach and recess. 

(6) Find the smallest possible gear to nm with the above gear, j 
giving the number of its teeth. Indicate the path of contact if the'l 
30-tootli gear drives and turns clockwise. 

24. Involute gears 2 pitch, 15° obliquity. A pinion with 10 teeth ] 
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is to drive anotlier pinion and provide an arc of action IJ times the 
circular pitch. Find the number of t«eth on the smallest pinion it 
can so drive and then eee if the required arc of recess is possible. 

86. Involute gears, | pitch, 20° obliqully. A IS-toolh gear turning 
clocliwise is drivinn a. rack. There ia tn be no backlash and teeth 
are the same width as the spaces, clearance is -^ in. I'hc addendum 
of the rack is to lie as much as the gear will allow, while the addendum 
of the gear is such as to give a t^tal arc of action oF IJ times the cir- 
cular pitch. Draw the pitch, base, root and addendum circles, and 
show the path of contact; also show the angles of approach and recess 
tor the gears. Draw two teeth on both gear and rack. 

36. A pair of speed cones carrying a crossed belt ia used to connect 
two shafts 25 ui. between centers. The driving shaft hos a eonatant 
speed of 150 r.p.m. Driven shaft has speeds of 100, 150, 200 and 
300 r.p.m. as the belt is moved along the cones equal distances. 
Smallest diameter of driving cone is to be 10 in. Find ail diame- 
ters For cones and plot cones 1 size if their length is 20 in. 

27. Two parallel shafts are connected by a pair of speed cones carry- 
ing a crossed l)eU. The driving shaft has a constant speed of 135 
r.p.m. The driven shaft is to have a range of speeds from 45 r.p.m. 
ti) 300 r.p.m., the speeds to increase in arithmetical jirogresslon us 
the belt is moved equal distances along the cones. The smallest diam- 
eter of either cone is 3 in. Find the diameters of the cones at the 
ends and at two Intermediate points. Plot cones i size if their length 
ia 24 in. 

28. A drill carrying a 3-step pulley is driven by an open belt from 
a pulley of the same size on a countershaft 4 ft. below the centerline 
of the drill pulley. Tlie nia.\imuin and minimum sijceds of the drill 
are to be 413 and 75 r.p.m. Find proper speed for counter shaft 
and diameters of nil steps on the pulleys. Diameter of smallest step 
is to be 6 in. 

29. A lathe having a fivt step pulley is driven by an open belt 
from a pulley of the same size on the countershaft, 3 ft. above. The 
countershaft is to have a constant speed, and the lathe Is to have 
speeds of 60 r.p.m. and 135 r.p.m. when the belt is on the steps either 
aide of the center step. If the minimum Bjx'ed is 40 r.p.m. and the 
smallest diameter 4 in,, find proper speed tf countershaft, maximum 
speed of lathe, and diameter of all steps on the pulleys. 

30. A 3-in. belt is designed to stand a difference in tension, lietween 
the tight and slack sides, of 50 lb, per inch of width. Find the least 
speed at which it can be driven to transmit 20 horse-power. 

31. A Iwlt 2 in. wide connects two pulleys, one of which is 6 in. 
diameter, and txims fiOO r.p.m. If the Ijelt transmits 3i H.P. and it 
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the tension on the tight side is 2} times that on the loose side, find the 
tension per inch of width, with which the belt was put on the pulleys, 
assuming the sum of the tensions to remain constant. 

32. Two equal three step puUeys are 50 in. apart. The largest 
diameter on each is 10 in. and the driven shaft is to have a maximum 
speed of 100 r.p.m. and a minimum speed of 49 r.p.m. Find (a) 
the speed of the driving shaft if it is constant and find all diameters 
of other steps if an open belt is used. (6) If the belt is transmitting 
li H.P. and is on the 10-in. step of driving pulley, what is the effective 
pull? (c) If a belt 4 in. wide is used and the maximum stress on the 
belt per inch of width is 100 lb., find with what initial tension per inch 
of width the belt was put on. Assume Ti-\-T2 constant. 

83. What is the width of a double belt transmitting 45 H.P. when 
running on a 30 in. pulley making 550 r.p.m.? The belt is put on 
with an initial tension of 70 lb. per inch of width and the working 
stress is not to exceed 105 lb. per inch of width. Assume Ti+Tj 
constant. Also calculate the width of belt using the HiiUwright's 
rule. 

34. A rope drive composed of 18 ropes, is to transmit 120 H.P. 
If the pitch diameter of one of the pulleys is 48 in., and if it has an 
a.v. of 1500 radians per minute, what is the effective pull in each 
rope? 

36. A water wheel developing 500 H.P. drives the main shaft 
of a mill through a rope drive. The sheave on the water wheel shaft 
is 48 in. diameter and the speed of the main shaft is 200 r.p.m. Design 
a rope drive, using tables in text book to fulfil the above conditions, 
also give the width of sheave. Compare this width with that of 
the face of a pulley to transmit the same power, using the millwright's 
rule for a double leather belt. 

36. A motor running 600 r.p.m. transmits 4 H.P. through a chain 
drive. The effective radius of the driving sprocket is 3 in. What 
is the effective pull in the chain? 

37. In the adjustable pillow block shown in the figure, the bearing 
is raised or lowered by means of the 
wedges W. The wedges have a taper of 
/i in. per foot and the lead of the screws 
is iV in. How many times must each of 
the screws be turned to raise the center 
line of the shaft } in., assuming that 
both wedges move the same amount? 

38. In Fig. 114, page 126, nut N is 

free to move horizontally between the guides GG. Lead of screw is 
i In. R.H. How many turns of the handle K are necessary to move N 




Prob. 37. 
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to the right 3} in.? Must the handle be turned R.H. or L.H. as seen 
from the left? How far will N move for 26 turns of the handle K 
and which way if handle is turned R.H. as seen from the left? 

39. In the jack screw shown in Fig. 115, page 126, find W if P 
is i in.'^R. H.; 72=3 ft. 6 in. and /*'=50 lb. Neglect friction. (Take 

40. In the jack screw Fig. 115, page 126, find the lead of the 
screw if the pull is 70 lb.; i2=4 ft., and 17 = 19,008 lb. Allow for a 
friction loss of 70 per cent. (Take ir=-^). 

41. A building is to be raised by four jack screws. Fig. 115, page 
126, one at each comer. The lead of one is i in., of another J in., 
while the third and fourth require one complete turn to raise the 
jack i in. and | in. respectively. For one turn of the lever of the 
first screw how many turns must the others make to raise the building 
uniformly? 

42. In the mechanism shown in Fig. 118, page 129, if Pi = A in., 
L.H., P2 = i in. "L.H., how many turns of A are necessary and in which 
direction, to lower the shde i in.? If a push and a pull each 28 lb., 
be apphed at opposite sides of the hand wheel A what is the pressure 
on TT if 75 per cent, is lost in friction? 

43. Referring to Fig. 117, page 128, what load W, suspended from 
the nut Nf can be raised by a force of 60 lb. apphed at F? Screw 
is double-threaded and has a lead of i in. Assume friction loss of 
40 per cent. 72 is 21 in. 

44. Referring to Fig. 116, page 127, 13 turns of K are to move 
iV 3 in. to the right; P =0.13 in. R.H. Find Pi. Is Pi R.H. or L.H.?, 
Must K turn R.H. or L.H. as 
seen from the left? t ^ ^^ s 

46. Screw S has 9 threads ~'- 
per inch and T has 10 threads 
per inch, both R. H. single 
threads. A force of 50 lb. act- 
ing at the end of a wrench 14 in. long, which is applied to the 
turnbuckle B, produces a tension of 15,840 lb. in T. Find the per- 
centage friction loss. (Take ir=^). 

46. In a triple-threaded worm and wheel, 
let the diameter of the drum be 14 in. How 
many teeth must the wheel have if 30 turns 
of the worm are to move TT 20 in.? If 72 = 
16f in., what force must be apphed to the 
crank if W equals 8000 lb. actually hfted, 60 
per cent, being the loss due to friction? (Take 




Prob. 45. 
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47. Worm A is double-thretuled and its wheel has 36 teeUi. Wonn 
B has a piteh of \ in. The force F, at the end of a 16-in. handle on B, 
is 20 lb. and TF ia 25,344 lb. It 40 pet cent, is lost in friction, What 
a the diameter of the worm wheel CI (Take t» V)- 



^. 




Prob. 47. 

W. A linear motion of the crank A ot 6283.2 in. produces a difference 
of level of 125.664 in. in the weights W. If the worm is double-threaded, 
bow many t«eth are there on the worm wheel? 

49. D is a pulley 48 in. in diameter fast to a shaft driving worms 
A and B. Worm A is triple- threaded, and worm B has a pitch of 
li in. Is A R.H. or L.H. and is S R.H. or L.H., if If is to rise when 




Prob. 49. 

pulley turns as shown? The belt on D has a linear velocity of 60D 
ft. p.m. It the two strands of rope rise uniformly and W rises 3 ft. 
p.m., find the number of teeth on the worm wheel driven by worm 
A, and diameter of worm wheel driven by B. (Take x=3). 
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SO. This plate cam is a circular disc 4 in. in diameter, turning uni- 
formly about an axis li in. from the center of the disc. The fol- 
lower is pointed, as shown in full lines. Plot a curve, whose ordinates 
represent displacements of the follower (full size) and whose abscissse 
represent angular motion of the disc (f in. = 15**). Plot points every 
15° for a complete turn. Plot on the same diagram a similar curve, 
using the follower shown in dotted lines, instead of the pointed one. 





mm 



Prob. 50. 



Prob. 51. 



61. This plate cam is made up of arcs of two circles and their 
common tangents and turns about the fixed axis A, Plot a curve 
whose ordinates represent the motion of the cam. Plot points every 
15® for one-half turn of the cam. Ordinates are to be full size and 
abscissse are to be f in. = 15**. Plot on the 
same diagram a curve showing the displace- 
ments of the follower, if its motion were har- 
monic. 

62. Draw the pitch line of a plate cam 
to give motion to a point in a vertical line 
passing through the center of the cam as 
follows: Still during } turn of cam, down 
uniformly 2 in. during \ turn, and up 2 in. 
harmonic during } turn. Highest position 
of follower 3 in. above axis of cam. Cam 
turns uniformly R.H. 

63. Find the outline of a plate cam turn- 
ing uniformly right-handed to give block A 
the following motion: Rise uniformly 1 in. 
in \ rev.; still \ rev., drop \\ in. at once, rise | in. uniformly in 
} rev.; cam is to drive roller £ i in. in diameter. 




Prob. 53. 
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54. AC ^41 in., AB^2\ in., BD = l in., A0=4 in. Cam acts 
on lever ilC at the point D. If slide S ia to have the following naotion 
find the outline of the cam: Up 1} in. with imiform motion in i turn 
of the cam, still i turn, drop at once to original position, still i turn. 

66. Draw the pitch line of a plate cam which, when acting on 
a roller } in diameter pivoted at C, shall give D the following motions: 
Up U in. in } of a turn with uniform motion^ down IJ in. at once, 
up li in. with harmonic motion in J of a turn and down IJ in. with 
"gravity" motion in i of a turn. Cam turns uniformly as shown. 
J) is in its lowest position when AB is horizontal and path of D is 
vertically above the axis. 

66. Design a positive motion plate cam to drive the slide S, which 
can move only in a horizontal direction as follows: 1 in. to the left 
with uniform motion in i of a turn of the cam, back to the initial 
fK>«ition with harmonic motion in i of a turn, f in.to right with "gravity 
motion in J turn, and back to the initial position with- "gravity 
motion in } turn. Groove in side of cam to fit a roller f in. in diameter, 
pivoted on the pin C. Cam turns uniformly L.H. 

67. A and B are two rollers f in. diameter attached to the same 
frame;. The rollers are in the same plane and both are to be in con- 
tact with a single plate cam. Find the outline of the cam if the frame 
in to be raised 1 in. with harmonic motion in i revolution of the cam. 

68. Draw the projection of the pitch line of a cylindrical cam 4 
in. long and 2i in. diameter, which shall give the following motion 
U) a point in a line parallel to and above the axis of the cam. Starting 
J in. from the left-hand end of the cylinder, the follower is to move 
2} in. to the right with uniform motion in } of a turn, to remain 
ni'iW i of tt turn, and to return to initial position with uniform motion 
in } a turn. Cam turns uniformly right-handed as seen from the right. 

69. A cylindrical cam, 3 in. outside diameter, is to move a roller 
whic;h is above and moves parallel to the axis of the cam, as follow^s: 
To \\w right 2 in. with "gravity" motion in i turn of the cam, still 
i turn, to the left 2 in. with "gravity" motion in i turn, still J turn. 
Th<i rollc^r is to bo a cylinder f in. diameter. Groove in cam is to 
b(! I in. (l(^op. Draw the development of that part of the cam dur- 
ing whi<!h motion takes place, for both outside and bottom of the 
groove. 

60. Draw the projection of the pitch line of a cylindrical cam 
4 in. long and 2J in. diameter which shall give the following motion 
to a point in a lino parallel to and above the axis of the cam. Starting 
1 in. from the left-hand end of the cylinder the follower is to move 2i 
in. 1o tho right with harmonic motion in i of a turn of the cam, to 
rrnmiti ntill t of a turn, and to return to initial position with "gravity" 



APPENDIX 



225 




Prob. 54. 
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OMtioD in ) a turn. Cam turiH uniformlj rigfit-liaiided as seen from 
tberiglKt. 

$L A cyhndriad cam 3 in. oatode diameter, tuniiiig R^. as seen 
from the right, is to nkore a rcXkr, which is above and moves p^mlM 
to the axis of the cam, as follows: To the ri^t 1} in. with yniform 
motion in } turn (4 the cam, still I turn, to the left 1} in. with miiform 
motion in ] turn, still } turn. The roDer is a CTiinder f in. diameter. 
Groove in cam is } in. deep. Draw the devtriopment of the part of 
the cam during which the moticm takes place, for both outside and 
bottom of the groove. Abo draw elevation of the cam, showing 
groove for first half tum* 
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Prob. 64. 



62. A wheel of 06 teeth drives another of 15 teeth which is on a 
shaft A turning 60 r.p.m. This shaft A drives another shaft B through 
f^oars, so that B makes a revolution in ^ of a second. Shaft B drives 
a Hhaft C by means of a belt, the diameter of the driving pulley being 
4 in., while that of the driven pulley is 10 in. How many revolutions 
does the fifHt wheel make while the 10 in. pulley makes 7 revolutions? 

68. In a crane the chain )>arrel is driven by a motor on the spindle 

of whi(^h iH keyed a pinion of 14 teeth. This gears with a wheel of 

((8 teeth keyed to the same spindle as a pinion of 12 teeth. The 12- 

tooth ])inion gears with a wheel of 50 teeth keyed to the same spindle 

a8 a wheel of 25 teeth, and the latter gears with a wheel of 54 teeth 
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27-k 
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keyed to the chain barrel spindle. Chain barrel is 161 in. diameter. 
Sketch the arrangement, and find r.p.m. of motor when 20 ft. of chain 
are woimd on the drum per minute. 

64. Find time for i revolution of turret. 

66. A and B are two cylinders. Diameter of A =5) in. Diameter 
of B — \0 in. Find number of 
teeth in gear X if the surface 
speed of A is 110 per cent, that 
of 5. 

66. The effective pull in the 
belt is 250 lb. Weight Tr= 7000 
lb. A is 32 in. in diameter while 
/f is 20 in. in diameter. B, D, and 

F each have 18 teeth. -K has 63 teeth; G has 50 teeth. If there is a 
friction loss of 60 per cent., how many teeth must there be in the gear C? 
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Prob. 65. 




Prob. 66. 
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80 Teeth V75 Teeth 

Prob. 67. 




Prob. 68. 



67. Force F=42 lb. Find pressure at brake shoe if 80 per cent, 
is lost in friction. 

68. A is an annular gear having 77 teeth, driving pinion B having 
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12 teeth. Numbers of teeth on the other gears as are given in the 
figure. If A makes 15 r.p.m. find the rate of slip between the cyl- 
inders R and S in feet per second. 

69. Shaft A is driven by a belt on the pulley^ P which is 12 in. 
diameter. If the belt has a speed of 
2500 ft. p.m., what will be the rate of 
shpping between the surfaces of B and C 
in ft. p.m.? 

70. If a lathe is driven by a four- 
step cone pulley, design a set of back 
gears for it so that the speeds shall be 
in geometrical progression. Range of 
speeds 4 r.p.m. to 512 r.p.m. Do not 
use any gears of less than 20 teeth. 
Make a sketch showing the arrange- 
ment. * 

71. r; — ~~7= — } find suitable numbers of teeth for the four gears 
Rev. A 1 

of this train, having all of the same pitch. No gear to have more than 

75 teeth nor less than 10 teeth. 

72. Shaft S has a constant speed of 100 r.p.m. Gears F, G, and 
H form a unit free to sUde, but not to turn on shaft Si. Si is to have 
speeds of 20, 200 and 860 r.p.m. Gear H has 80 teeth. Find numbers 
of teeth on all gears if they are All of the same pitch, and if gears A 
and B are equal. The slowest speed of Si is when E and H are in 
mesh. 
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Prob. 72. 
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Prob. 73. 



78. The sketch shows a nest of spur gears, each pair being always 
in mesh and all gears of the same pitch. F, G, and H form a unit 
keyed to shaft B, C, D, and E are loose on shaft -4, but may be locked 
to the shaft one at a time. Find the numbers of teeth on all gears 
jf the revolutions of B for one of A are to be J, li, and 2i as C, D, 
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and E are keyed to A respectively. No gear to have less than 14 
teeth. 

74. In a screw cutting train, Fig. 147, page 165, find the proper 
numbers of teeth for the change gears C and D to cut threads of from 
4 to 12 per inch both inclusive. Lead screw has a lead of | in.; gear 
At on spindle, has 20 teeth and gear B, on stud, has 80 teeth. Give 
answer in tabular form using no gear of less than 24 teeth. Use as 
few different gears as possible. 

76. In a screw cutting train, jPig. 147, page 165, find the proper 
numbers of teeth for the change gears to cut threads per inch as fol- 
lows: 6, 8, 9, 11, 11}, 12 and 13^ Lead screw has a lead of ^ in., 
gear A on spindle has 24 teeth and gear B on stud 75 teeth. Give 
answer in tabular form, no gear to have less than 18 teeth. Use as 
few different gears as possible. 

76. Design a train to give a train value of 170, using as few gears as 
possible, but using no gear of less than 18 teeth or more than 110 teeth. 

77. Let the value of a train be exactly 552. Find the least number 
of pairs necessary and make a sketch showing the arrangement and 
giving the nvunber of teeth on each gear. No gear to have more than 
120 teeth nor less than 20 teeth. ' 

78. Find the nvunber of teeth for a train having a value of 183, 
with an allowable variation of not more than J of 1 per cent. The 
gears to have not more than 120 nor less than 25 teeth. Use as few 
pairs of gears as possible. 

79. Value of a train is to be approximately 113, with an allowable 
variation of 1. Find the least number of pairs and sketch the train, 
indicating the nimibers of teeth on each gear. No gear to have more 
than 50 teeth nor less than 12 teeth. 

80. In a hoisting train a man exerts a force of 70 lb. at the end 
of a crank 2 ft. long, and the pitch diameter of the rope drum is 21 
in. If 20 per cent, is lost in friction and 9856 lb. are lifted, find the 
angular velocity ratio of crank to drum and then design a suitable 
train to connect the two, using the least 

nimiber of gears possible. Sketch the mech- so t y^ ^8o t 

anism showing the arrangement of the 
gears. No gear to have more than 100 
teeth nor less than 18 teeth. 

81. (a) If A is a fixed gear and the arm 
makes +3 turns, find turns of B. (6) If Prob. 81. 
A makes +4 turns and B makes —11 

turns, find turns of arm. (c) To what must the niunber of teeth on A 
be changed in order that A may make +15 turns, B —6 turns, and 
the arm +3 turns? 
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Ml B and C ore fast to each other and turn on a 6icd axis whidi 
M aLv> the atui of the arm. If A makes +5 turns and the arm —3 
tunM. fiiK) the turns of H and of £. If D were removed aod B placed 
ill Cfutact with B what would be the turns of £T 




as. ^ baa 60 teeth, fi SO, C 26, D 75, and £ 150. <a) With A 
finMl and the arm turned —2 turns, find turns of E. {b) With B fimt 
and .1 free to turn, find turns of the arm for +7 turns of A. 

S4> Diameter of hoisting drum £ is 7 in. Diameter of chain 
drum f is 10 in. X is a fixed annular 
ttaving 40 teeth, if is an annular having 
42 tiNrth fast io the huisting drum B. Die 
a limad-faecd pinion on arm C. How 
larftn a wftight can tic raiHed by a pull of 
40 111. in the chain, neglecting friction? 

SS. In the Triplex Pulley-block, 1% 
157, f»a((n 180, £ has 75 teeth, C 20 teeth, 
D IfJO tPPth; diameter of .4-30 in., and 
diameter of (I -6 in. If 60 lb. raise 7500 1 
n (Neglect friction.) 

W> For two turns of the handle A how many turns does B make? 
Dues it turn in the same direL'tiou bsAot opposite? 




Prob. 84. 
, how many t«eth o 





67. With numbers of teeth as shown, how many turns and in 
what direction must the crank F be turned to raise W 6 in.? 
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SB. Find W if there is a friction loss of 40 per cent. 

89. A difTerential pulley-block 
is to lift 1500 lb. with a pull of 
30 lb., friction being neglected. 
Find the ratio of the larger diam- 
eter of the upper sheave t« the 
smaller one. 

M. In a differential pulley, 
the smaller diameter of the upper 
sheave is 12 in. It is found neces- 
sary to haul over 7 ft. of chain ' 
to raise the weight 6 in. What 
is the other diameter of the upper 
sheave? Neglecting friction, what 
weight would be raised by a pull 
of 40 lb.7 

SI. With a differential pulley, if the diameters of the sheaves in 
the fixed block ate 12 in. and II in., and if the weight of the lower 
block is 20 lb., what net weight can be raised by a pull of 120 lb. on 
the chain, allowing a loss of 30 per cent, in friction? How much chain 
must be overhauled to lift the weight one foot? 

93. In this hitch, what force F is required to raise a weight W 
of 1400 lb., friction being neglected? 

98. If ir-3000 lb., find the force F. 




Prob. 88. 




Prob. 92. 



Prob. 93. 



Prob. 94. 



94. Two men, weighing 150 lb. each, stand on W and pull just 
lough to sustain the load. 

{a) What pull do they exert on the rope? 

(6) What is the tension on the support for the upper block, neg- 
cting the we^t of the blocks and rope itself? 
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(c) If the men stood on the ground what would be the tension 
in the rope which supports the upper block? 

95. What force F is necessary to raise a weight W of 192 lb. if 
40 per cent, is lost in friction? 





Prob. 95. 



Prob. 96. 



m. 



96. A and D are fixed axes. AB = \ in., BC^ll in., i?H=3i 
DC ==11 in. Find the instantaneous axis of BCH. Assuming 
the velocity of B to be represented by a Une i in. long, find the Unear 
velocity of the point H on the rod BCH, 




Prob. 97. 



97. A is a fixed axis. AB = \ in.j BC— 2 m.^ BH^Zm, Assuming 
the velocity of B to be represented by a line 1 in. long, find velocity 
of C and of H. 

98. A is a fixed axis. AB-\ in., BC=2 in., BH=3 in., HE = 
2 in. Assuming l.v. of i? = 1 in., find l.v. of E, 

99. The ladder shown is 12 ft. long. If the lower end starts to. 
slip on the pavement at the rate of 1 ft. per second, find graphically 
the magnitude and direction of the velocity of a point on the ladder 
4 ft. from the lower end when in the position shown. 

100. A and G are fixed axes. GF = 1A in-, F^=2| in., ED = 
I in., DB^H in., AB = ll in., DC=3i in., C/f=4i in. Find the 
instantaneous axes of EFj CDj and CH, Assuming that the l.v. of 
F is represented by a line 1 in. long, find the l.v. of C and of H. 
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101. B and P are fixed axes. ABC is a rigid link. AB — H in., 
BC=li in., CM = U in., C/i:=2i in., itTF-Si in., /i:(?=2 in., PH^ 



W/^/zv//yp> 








Pavetneat 

Prob. 99. 



Prob. 100. 




Prob. 101. 

lA in., GD=2 in., C?F = J in., F^ = l§ in. Assuming a l.v. of A = 
f in., find l.v. of D and of E, showing the instantaneous axes neces- 
sary for the solution. 
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102. C and G are fixed axes. CB = J in., CD = f in., DE^l\ in., 
GE^2\ in., GH=2i in., ^X=2i in., FA=2i in., A-Y = li in. As- 
suming a l.v. of the pin at B equal to i^in^ find l.v. of A, Hy and X. 




Prob. 102. 




Prob. 103. 




Prob. 104. 

103. A is a disc 2 in. diameter and B is a disc If in. diameter, 
both turning on fixed axes. A drives B with no shpping. C is a 
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fixed axis. ^D=3| in., CD = li in., DX = 1J in., FX=3 in. U the 
surface speed of A is 1 in., find the l.v. of X, 

104. Kf Gj and H are fixed axes. The wheel is 2 in. diameter 
and roUs on track T without slipping. KM =^2^ in., KA = 1^ in. 
BD = li in., GF = 1 in., HE = i in., Z)C=3J in., Z)F=2i in., DE = 
Ifi in. If the l.v. of A is J in., find l.v. of C, 

106. D and E are fixed axes. DA=3J in., DF =11 in., ^C=2J 
in., ^G = 1A in., GB=3 in., FJS=2 in. If the Lv. of A is 2 in., find 
I.V. of B. 




Prob. 105. 




Prob. 106. 



106. Block B is fixed in position, but may oscillate and the rod 
FG is free to slide through it. Given l.v. of the pin at A equal to 
2 in., find l.v. of sUde S, DA = U in., FG = 3| in. 
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a.v. CD 

107. Plot a curve showing ratio —- for 30° intervals of AB, 

a.v. Ap 

starting with AB in position ABi and turning uniformly left-handed. 

Ordinatcs=a.v. ratio (1 in. = unity). 

Abscissse» angular positions of AB (i in. =30°). 

i4C = } in., Z)C = 1J in., Z)B=2i in., AB=2 in. 



D^ ^B A B 

Prob. 107. Prob. 108. 

108. Draw a pantograph to connect the points A and B so that 
the motion of A shall be to the motion of B as 13 is to 7. Calculate 
the distance from B to the fixed point. The pantograph is to be so 
arranged that A may move at least 5 in. to the right along the line 
through A and B as now situated. 

109. Design a pantograph to reduce the motion of the cross- 
head of an engine that has a stroke of 12 in., to 3 in. so that a steam 
engine indicator may be operated from it. Let the distance from 
the fixed point of connection to the cross-head be 

15 in. Draw half size. o o p 

110. The three points A, B, and C are to be con- p^ » j jq 
nected by a pantograph so that A may move up 

4 in., B up 3 in., and C down 2 in. AC =6 in. Locate the fixed 
point and the point B, and then draw a pantograph that will allow 
A to be moved 4 in. in every direction. 
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Circular pitch 34 

relation between module and 35 

Clearance 33 

Cones, flpeed 78 
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internal contact 26, 27 

Crosshead, linear velocity of 207 

displacement of 208 

Cycloidal gears 54 
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Diametral pitch 34 

Differential pulley, Weston 185 

Differential screw 127 

Disc and roller 27 

Effective pull 62 
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P^ngine linkage 205 

Epicyclic trains 171-180 

Face of gear 33 

Face of tooth 33 

Flank of tooth 33 
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Four-bar linkage 187 

Gear drives 30 
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Gravity motion 6 

Harmonic motion 4 
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applied to gears 40 
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Law governing shape of gear teeth 37 

Lead of screw 123 
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parallel crank 202 

relative angular speeds of cranks 194 
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sliding block or engine 205 

swinging or rocking block 209 

Whitworth quick-return 211 

Machine 1 
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Pantograph 212 
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Pressiu-e angle 38 

Pulleys : 56 

cone 78 

stepped 69-77 

Pulley blocks 179-186 

rope 181-184 

triplex 179 

Weston differential 185 

Quarter-turn belt 84 

Quick-return linkage 209-212 

Rack 46 

Relative motion 4 

Right-handed rotation 14 

Rocker 13 

Rocking block linkage. , 209 

Root circle 33 

Root distance , 33 

Rope driving 102-114 

Screw, lead 123 

cutting 165-168 

differential 127 

pitch 124 

right-hand and left-hand 125 

speed ratio 125 

threads per inch 124 

Screw threads 118 

Acme 120-122 

forms of 120 



INDEX 241 

PAGE 

Screw threads single and multiple 123 

square 120-122 

U. S. Standard 121 

V thread 120 

Whitworth 121 

Sliding block linkage 205 

Speed ^ 4 

angular ! 7 

linear of a point on a revolving body 9 

relation between forces and 11 

relative, of points at different dist^ances from axis 9 

uniform 4 

variable 4 

Spiral gears 51 

speed ratio of 53 

Standard proportions of gears 44 

Stepped pulleys , 69-78 

Swinging block linkage 209 

Tension in a belt 62 

Threads see Screw Threads 

Train of wheels 159 

calculation of speeds 162 

designing 168-171 

driving and driven 161 

epicylic 171-180 

idle wheel in 161 

screw cutting 165-168 

train value * 162 

Train value 162 

Triplex*pulley block 179 

Uniform motion 4 

Velocity 4 

graphical representation of 189 

Wedge 116 

Weston differential pulley block 185 

Wheel rolling on track, instantaneous axis 195 

Whitworth quick return 211 

Worm and wheel 129-133 



THE WILEY TECHMf AL SERIES 

EDITED BT 

JO:^EPH M. JAMESON 



A series of carefillv aiLiptefi texts for use in technicaL 
Tocatuxukl and intiitttrial .-.ohoob. The aubjecta treated 
will indqrfe Applied Science; Hoiisehold and Agricultural 
Chemistry; Electricity: Eler^trical Power and ilacfainery: 
Applied Mechanics: Drafrinz and Design; Steam: Gas 
Engines; Shop Practice; Applied Mathematics; Agriculture: 
Household Science, etc. 

The following text.^. are announcerl; others are being 
added rapidiv: 

THE 'CTiRM KBITS OF ZLECTBICITT; For Tecfaaical Stndsnlai. 
By W. H. TiiTSiA. ff*a»-i of f>rpartmftnr. of Applied ^^cienrR. 
WcQt worth Inarir.;:.*. ;ji — .>>> pafir«?, oJiby.S. 415 fiirira. 
Clodi, $2.00 n^. 

ZHS X88EKTIAIJ9 OF £X£CTBICITT; A Text-book for Wix«- 
men aad the Electrical Tradee. By VV. f f . Tr.vrBi£/ Wf^ntwoir.h 
Institute. TietxJrAf: irrr^r^.. p^/'jokftt. S{iz/i. xiii-h271 pajjftfl, o by 7^4- 
224 figures. Clc^h. II j.^ r>;<. 

ooHmruous ajtd altebvativg currevt machtbt- 

EKT. By Prot^^>»r,r Y. ff. .VfoftFXftorT, Columbia L'aiverairy. 
ix-i-466 pagfts, o ■ J "*. v '- ^^^ 5i ^ ■ ] r 'r« . ^J Ir^ t. h , II . 7o ru»i. 

ooHmruous astd alteikvativo currevt machis'- 

SBT PBOBLEICS. f;, V, 7. f:./\N, K.K., AA-:i.-'.f..ir;r. Prrjfe.afjr 
of Electrical E r.^: - of rr: -. i;. * r. r-. f / r; i / ''; r <i f, / of .Vf i n n^-vj tA. If) pages , 
5J^ by 8. Clonh, .!>'j ^^:r. v. ''vejj. 




ALCTEBNATING CUBREHT ELEOTBIOITT AITD ITS AFFIJ. 
CATION TO INDTJSTBY. . By W. H- Timbie, Head of 
Dpparl.niPTit of Applied Science, Wentworth Tnst.if.ute, and H, H. 
HiGBiE, Prnfessor of Electrical Engineering, University of Mich- 
First Course, s+534 paRes, 5i by 8. 389 figures. Qoth, 
S2-0(1 net. 

Second Course, ix+729 pages. 51 by 8. 357 figiirea. Cloth 
$3.00 nd. 

ELEcrraiC lilOHTINO. By H. H. HiOBiB, Profeaaor ot Eiectricftl 
Engineering, University of Michigan. (In preparation.) 

HEAT AND TJF.AT F.NGINF.F.RING 

HEAT; A Text-book ha Techmcal and Industrial Students. By 

J. A. Randall, Inamictor in Mechanics and Heat, Pratt Institute. 



thai 

namict 
iv+331 pages, 5^ by S. 80 figures. Cloth, 81.50 net. 



P 



GAS POWEB. By C. F. Hibshtbld, Profesaor ot Power Engineering, 
Sibley College, Cornell University, aad T. C. Ulhbicht, formerly 
Instructor, Department o! Power Engineering, Cornell Univeraity. 
viii+198 pages, 5}-i by 8. 60 figures. Clolh, $1.25 rief. 

STEAH POWER. By C. F. Hirshpeld, Professor of Power Engi- 
ncciring, Sibley College, Cornell University, and T. C, Ui^bricht, 
formerly Instructor, Departmunt of Power Engineering, Cornell 
University, vill+419 pages. 5H by 8, 228 Figures. Cloth. 

HEAT AND LIGHT IN THE HOUSEHOIJ}. By W. G. Whitiun. 

State Normal School, Salem, Mass. (In preparaiion.) 

MECHANICS AND MATHEMATICS I 

BLEUENTABY PBACTICAL UECHANICS. By J. M. Jaue80IT, 
Girard College, formerly of Pratt Institute. xii4-321 pages, 5 by 
7}i. 212 figures. Cloth, S1.50 net. 

HATHEHATICS FOB UACHINISTS. By R. W._ BtTRNHAM, 
Instructor In Machine Work, Pratt Institute Evening School. 
vii+229 pages, 5 by 7. 175 figures. Cloth, 81.25 net. 

FBAOTICAL SHOP UECHANICS AND SCATHE UATICS. 
By J.tMES F. Johnson, Superintendent of the State Trade School, 
Bridgeport, Conn. viii-M30 pages, 5 by 7. 81 figures. Cloth, 



J 



PRINCIPLES OF MECHANISM. By WalterH, JAMES.Aasistunt 
professur of Mechanital Engineering Drawing, MaEisachusetts 
Institute of Tc(:linoloKy,und Mai^colmC. Mackenzie, Instructor 
ia Mei;hanical Engineering, Massachusetta Inatitute of Tech- 
nology. {In. I'ress). 
ARITHUETIO FOB CAB.PENTERS AND BDILDBBS. Qy 
R. BuHOETTE Dalk, Assistant Professor iit charge of Vocational 
Courses in Engineering und Correspondence Inatruction. Iowa State 
College. iK-l-231 pages, 5 by 7. lOB figureB. Cloth, $1.2fi net. 



SHOP TEXTS 

MACHINE SHOP PBAOTICE. By VV. J. Kacp, Special Repre- 
sentative, Crucible SCeei Company of America. ix4-227 pages, 
3k by 8. 163 figures. Cloth, $1.25 ml. 

PATTERN UAKINO. By Frederick W. Turner and Daniel 

O. Town, Mechanic Arts High School, Boston. v+ll4 p^es, 
5 by 7. 8S figures. Cloth, $1,00 net. 
PI^IN AND ORNAMENTAL FORGING. By Ernst Schwarz- 
kopf. Instructor at Stuyvesant High School, New York City. 
x-l-267 pages, 5!^ by 8. Over 400 figures. Cloth, SI.50 nei. 



DHAFTING AND DESIGN 



DECOBATIVX: DXBION. A Text-Book of Practical Hethoda. 

By Joseph Comminus Chase, Instructor in Dc'corative Design at 
the College ot the City of New York and at Cooper Union Woman's 
Art School, vi-t-73 pages. 8 by 10?^, 310 figures. Cloth, 
81,50 nel. 

AORICDLTURAL SRAFTINQ. By Charles B. Howe, M.E. 
viii-i-63 pages, 8 by 10?*. 45 figures, 26 plates. Cloth, $1.25 net. 

ARCHITECTURAL DRAFTING. By A. B. Gbeembero, Stuy- 
vesant Technical High School, New York, and Charles B. Howe, 
Bustiwick Evening Iligli Schoiil, Brooklyn. viii-1-110 pages, 
8' by lUH. 53 figures, 12 plates. Cloth, Sl.SO net. 

MECHANICAL DBArriNG. By Charlks B. Howe, M.E., 
Biishwick Evening High School, Brooklyn. x-|-147 pages, 8 by 
10?i. 165 figures, 38 plates. Cloth, SI .75 nel. 



1 




EVailTEEBINO DRAFTIKa. By Chari^s B. Howe, M.E. 
Buehirick Evening High School, Brooklyn, and Sauuei, J. Bb»ard, 

Sheffield Scientific Si;hool, Yale Uiiiversiry. (/n preparalion.; 

DRAWIKO FOR BUILDERS. By R. Bcrdeite Dale, Director 

of Vocational Course, Iowa State College. v4-166 pages, 8 by 
lOJi. 69 figures, 50 plates. Cloth, 51.50 net. 



AGRICULTURE AND HORTICULTURE 



4 



FIELD AND LABORATORY STUDIES OF SOILS. By Pr[>- 

fessor A. G. McCall, Obio State University, viii+77 pages, 
5 by 7. 32 figures. Cloth, 60 cents net. 

FIELD AND LABORATORY STUDIES OF CROPS. By Pro- 
fessor A, G. McCall, Ohio State University, viii+133 pages, 

5 by 7. 54 flgures. Cloth, 85 cents ntt. 

SOILS. By Professor A. G. McCall, Ohio State University, (/n 
preparation.) 

_ MARKET GABDENINO. By Professor F. L. Yeaw, Oasis Farm 

6 Orchard Company, Iloawell, New Mexico. Pormerly Professor 
of Market Cardenine, Massachusetts Agricultural College, vi-f- 
120 pages, 5 by 7. 36 liguri;:^. Cloth, 75 cent.'* net. 

THE OHEMISTRY OF FARU PRACTICE. By T. E. Ksin'. 
ChemiHt of South Carolina Exijeriinent Station, and Profeaaor of 
of Soils, Cleroson Agricultural College, xii+253 pages, 5]^ by 8. 
81 figures. Cloth, $1.25 net. 

STUDIES OF TREES. By J. J. Levisok, Formerly Forester, Park 
Depurttnent, Brooklyn, N. Y. )i+253 pages, 6M by 8. 156 
half-tune illustrations. Cloth, S1.60 net. 

AGRICULTURAL DRAFTING. By Charlb.s B. Howe, M,E. 
4t5 [liiyfi, S iiy 10^4- 45 figures, 22 plates Cloth, $1.25 net. 

SCHOOL ENTOHOLOOY. For Secondary SchoolB and Agri- 
cultural Short Coursei. By E. Dwiqht Sandehbon, Formerly 
Dean, College of Agriculture, West Virginia University, and L, M 
PEAina, Professor uf Entomology, West Vii^inia University, 
356 pages, 6 by 9, 233 figures. Cloth, Sl,50 net. 



1 



BIOLOGY 

lABORATOBY MANUAL IN OENEBAL MICBOBIOLOOY. 

Prepared by the Laboratory of Bacteriology, Hygiene and Path- 
ology. Michigan Agricultural College. xvi-f418 pages, 5i by 8. 
73 figures. Several tables and charts. Cloth, $2.50 net. 

COSTUME DESIGNING 

OOSTUME DESIGN AND ILLUSTRATION. By Ethel H. 
Traphagen, Instructor and Lecturer at Cooper Union, Xhe New 
York Evening School of Industrial Art, etc. {In Press.) 

PRINTING 

FBINTINQ. A Textbook for Printers' Apprentices, Continuation 
Classes and for General Use in Schools. By Frank S. Henry, 
Instructor in Printing, Philadelphia Trades School, ix+318 pages- 
153 figures. 5}i by 7^. Cloth, $1. 25 net. 



THE LOOSE LEAF LABORATORY MANUAL 



A Beriea of carefully selected exereiseH to accompany the texts 
of the Series, covering every subject ia which laboratory or field 
work may be given. Each exercise is complete in itself, and is 
printed separately. 8 by 101. 



tmportani Notice 

WILEY LOOSELEAF MANUALS 

The sale of separtUe sheets of the Laboratory Manuals of the WiUy 
Technical SeHai has been discontinued. These Manuah wUi, here- 
after, be sold only as a complete book with removal Uaves. Deteriptive 
literature vnll be sent on request. 

CHEMISTRY 

Exercises in Oeneral Chemistry. By Charles M. Allbn, 
Head of Department ot Chemistry, Pratt Institute. An 
introductory course in Applied Chemistry, covering a year'a 
laboratory work on the acid-forming and metallic elements and 
compounds. 62 pages, 8 by lO)^. 61 esercises. 
Complete in paper cover. Removal leaves. 81.00 net. 

Quantitative Chemical AnalysiB. By Charles M. Allen, Head 
ot Department ot Chemistry, Pratt Institute. 12 pamphlets. 
Shy lOK- Completeinpapercover. Removal leaves. $1.00nct. 

QualitatiTS Ohemical Analysis. By C. E. BiviNS, Instructor in 
QuaUtative Analysis, Pratt Institute. 11 pamphlets, supple- 
mented by Work Sheets by which the student ia taugbt equa- 
tions and chemical processes. Complete witb work sheets in 
paper cover. Removal leaves. $1.25 net.. 

Technical Chemical Analysis. By R. H. H. AtJNosT, Instructor 
in Technicai Chemistry, Pratt Institute. 19 pamphlets. 8 by 
lOJ.^. Complete. Removal leaves. $1.00 nnl. 

Exercises in Industrial Chemistry. By Dr. Allen Roosbs, 

Instructor in Qualitative Analysis, Pratt Institute, (/n % 
aration.) 






THE LOOSE LEAF LABORATORY MASVAL-^orU. 



MECHANICS AND HEAT 

Exercises in Mechanics. By J. M. Jameson, Girard College; 
Formerly of Pratt Institute. 52 exercises. Complete in paper 
Cover. Removal leaves. 85 cents net. 

Exercises for the Applied Mechanics Laboratory. Steam; 

Strength of Materials; Gas Engines; and Hydraulics. By 
• J. P. KoTTCAMP, M.E., Instructor in Steam and Strength of 

Materials, Pratt Institute. 8 by lOJ^. 58 exercises, with 

numerous cuts and tables. Complete in paper cover. Removal 

leaves. $1.00 net. 



ELECTRICITY 

Exercises in Heat and light. By J. A. Randall, Instructor in 

« 

Mechanics and Heat, Pratt Institute. 17 exercises, with nu- 
merous cuts and diagrams. 8 by 10}^. Complete in paper 
cover. Removal leaves. 34 cents net. 

Electrical Measurements, A. C. and D. C. By W. H. Timbie. 
Head of Department of Applied Science, Wentworth Institute 
52 Exercises. Complete in paper cover, 85 cents net. 

Elementary Electrical Testing. By Professor V. Karapetoff, 
Cornell University, Ithaca, N. Y. 25 exercises. Complete 
in paper cover. Removal leaves. 50 cents net. 

Electrical Measurements in Testing.' {Direct and AUemaHng 
Current.) By Chester L. Dawes, Instructor in Electrical En- 
gineering, Harvard University. In charge of Industrial Elec- 
tricity, Franklin Union, Boston. 39 Exercises. Complete in 
paper cover. Removal leaves. 75 cents net. 



THE LOOSE LEAF LABORATORY MANUAL--C07K. 



AGRICULTURE AND HORTICULTURE 

Studies of Trees: Their Diseases and Care. By J. J. Levison, 
M.F., Lecturer on Ornamental and Shade Trees, Yale University 
Forest School, Forester to the Department of Parks, Brooklyn, 
N. Y. 20 pamphlets, 8 by 10}^. |1.00 net, A cloth binder for 
above sold separately. 50 cents net. 

Exercises in Farm Dairying. By Professor C. Larsen, De- 
partment of Dairy Husbandry, South Dakota State College. 
Loose leaf. 8 by 10 J. 69 Exercises. Complete. Removal 
leaves. $1.00 net. 



DRAWING 

AOBICULTURAL DRAFTING PROBLEMS. By Charles B. 
Howe, M.E. A Manual for Students of Agriculture to Sup- 
plement the Text in Agricultural Drafting 26 plates. 8 by 
lOJ^. In paper cover. Removal leaves, 50 cents net. 

THR ORDERS OF ARCHITECTURE. By A. Benton Greenberg. 
A Manual for Students of Architecture to Supplement the 
Text in Architectural Drafting. 20 plates. 8 by lOJ^. In paper 
cover. Removal leaves. 50 cents net. 



8 



f 



